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EXECUTIVE SUMMARY

1. What is the purpose of this white paper?

The initia Coordinating Committee to the Science Policy Council (SPC) proposed an
examination of options for implementing Agency Task Force on Regulatory Environmental Modding
(ATFERM) recommendations on model acceptance criteria (MAC) and peer review. The Science
Policy Council Steering Committee (SPC-SC) accepted this proposa as a means of providing
background for decisions on SPC direct involvement in the Models 2000 efforts and the proposed
Committee on Regulatory Environmental Modeling (CREM). An Agency-wide task group was formed
to congder the options for implementing the ATFERM proposal, and to publish the findings in this white

paper.

2. How are the options for interpreting and executing ATFERM recommendations
affected by current developments in modeling?

In reviewing current Agency practicesin model evauation and peer review, including evauating
severa case histories, the task group observed that models are more diverse and complex thanin
1993 when the ATFERM find report was written. Therefore, the task group determined that the
adequacy of the ATFERM criteria should be reexamined. Inthe ATFERM report, environmenta
models were defined in terms of fate and transport, estimation of contaminant concentrationsin soil,
groundwater, surface water, and ambient air in exposure assessment. Current models used by the
Agency range from Ste-pexific to regiond in scale; from single pathway and contaminant to multi-
pathway and multi-contaminant in operationd scope; and from estimating Smple exposure results to
providing input to complex risk assessments or comparison of management optionsin function (e.g.,
“mode systems’ with component modules and even dgorithms uniquely assembled only at the time of
goplication). In 1993, modd evauation and selection were largely Agency functions, whereas inter-
agency effortsto develop and use shared mode's are now more common.

3. What implementation option is recommended to the SPC?

The SPC should engage in direct interaction with the CREM to provide updated genera
guidelines on MAC to maintain consistency across the Agency (see Section 3.1 for adiscussion of
other potentia options). Guidelines were recommended as a substitute for criteria Snce
guidelines would not seem overly bureaucratic to Agency staff or expose the Agency to unnecessary
legd challenges regarding modd use, but would promote consstency in model evauation and sdlection
acrossthe Agency. Choices of modelsto use for environmental decision-making would be left to the
program managers, recognizing that model acceptability is related to the specific use of the model and
the acoeptability of the risk in decison-making dueto uncertainty and variability in mode inputs.
Program managers would be responsgible for providing ble documentation evad uating any model
they use. It is anticipated that eventudly the CREM would set up a process for periodic review of
selected models to provide feedback to Agency senior management on overal consstency of response
to the generd guiddines.



4. How should the general guidance be developed?

Guidelines should be devel oped for the various types of peer review that will be used by the
Agency initsthree-part assessment of models: (1) definition of the objectives, (2) anadysis of mode
uncertainty, and (3) overall assessment. The MAC need to reflect the “ state of the art” and be
incorporated into an Agency-wide modd eva uation strategy that can accommodate different model
types and their uses. Heretofore, evauation criteriadid not set explicit specifications that a model must
achieve to be suitable for an gpplication. In an integrated assessment of modd uncertainty, it is
important that explicit specifications be set by program managers for each dement of uncertainty (both
qualitative and quantitetive specifications). The development of €ement specifications may be
influenced by the need to dlow for variationsin the overadl approach, complexity, and purpose of
models used by EPA. Using slandard model evauation elements to determine how a modd should be
assessed could provide a comprehensive integration of the specific model eva uation components into a
framework for judging what condtitutes avalid modd.

5. What follow-up activities should be pursued?

Additiond support work is needed in the following areas. 1) analyss of uncertainty, 2) mode
inventory, 3) multi-media and multi-contaminant model evauation, 4) comparability of evauation
standards between models.

Suggested follow-up actionsinclude: 1) determining the form, resources needed, and housing of
CREM, 2) directing CREM’swork toward issuing guidance on “how” to evaluate and characterize
models to support the strategy for model evauation, as opposed to only listing “what” to do, 3)
developing and utilizing amode clearinghouse with information on mode evauation results, availahility
and applications experience, 4) integrating peer review guidance and supporting aspects of QA/QC, 5)
preparing case studies to serve as examples of how mode s used in regulatory decison-making can be
evauated and the value added by such evauations, and 6) producing a glossary for “ state of the art”
generd guidanceto clarify modd terminology.

6. What are the roles of QA and peer review, and will a “clearinghouse” be developed?

QA and peer review requirements are impaosed to avoid modeling errors that could result in
costly mistakes. According to the SPC Peer Review Handbook (EPA 100-B-98-001), models
generaly should be peer reviewed. Peer review provides an expert and independent third party
evauation that cannot be provided by stakeholder or public comment.

SPC interpretation of ATFERM recommendations would help to clarify what mode evauation
records are needed (e.g., code verification, testing results, model selection and the application process).
The modd evaluation strategy proposed in this document could provide a process tailored to the nature
of the predictive task and the magnitude of the risk of making awrong decison. The proposed dtrategy
could aso clarify the complementary roles of QA and peer review tasksin mode evauation and the
bass for guidance on QA Project Plans for modd devel opment and gpplication.



It is dso recommended that the creation of an Agency-wide clearinghouse for models be
investigated, snce it would provide a means to access mode evauation information while leveraging
resources of single organizations and avoiding duplication of effort. Responding to aneed perceived by
the participants of the 1997 Modes 2000 Conference, an action team was formed to consider the
development of a Modeling Clearinghouse. To meet the Paperwork Reduction Act of 1980 and OMB
Circular A-130 requirements, the Office of Information Resources Management (OIRM) is proposing
to develop an Application Systems Inventory (ASl) as arepostory of information about Agency
software. Another effort, by ORD’s Nationa Center for Environmental Assessment, is defining
metadata for models that can be stored in its relationa database (the Environmenta Information
Management System) with input through the internet and retrieva through a search engine using specific
queries. In addition, a strategy for communication needs to be developed for the public and others, like
mode users, to provide feedback to the EPA, possibly through the Internet at Sites providing
information on modds and their evduation for EPA use.

7. What are the benefits and related costs involved in model evaluation?

Evauation of modds during development and peer review would incur costs, but would result
in better products. In broader terms, evauation would aso promote systematic management of model
development and use within EPA by providing abasis for consstent mode evauation and peer review.
The proposed model evauation strategy would encourage sensitivity and uncertainty analyses of
environmental models and their predictions as well as clarify peer review requirements. Accessto
evauation results would offer opportunities for improved mode sdection, imination of redundant
modd development and evauation, and enhanced Agency credibility with externd stakeholders.
Evauation and peer review of mode application would offer feedback to mode developers, hopefully
resulting in improved model performance.



1.
INTRODUCTION

1.1 Context

For many years, the Science Advisory Board (SAB) has been actively advising the Agency on
the use of computer models in environmenta protection. 1n 1989, after reviewing severa models, SAB
offered generd advice initsfirst commentary or resolution (EPA-SAB-EEC-89-012), recommending
that “EPA establish a general modd vaidation protocol and provide sufficient resources to test and
confirm models with appropriate field and |aboratory data’ and that “an Agency-wide task group to
asess and guide model use by EPA should be formed.”

In response, the Assistant Administrator for Research and Development (ORD) and the
Assgant Adminigtrator for Solid Waste and Emergency Response (OSWER) jointly requested the
Deputy Adminigirator, asthe chair of the former Risk Assessment Council (RAC), to establish atask
force to examine theissues. The voluntary Agency Task Force on Environmenta Regulatory Modeling
(ATFERM) was created in March 1992 and completed areport in October 1993. In its report (EPA
500-R-94-001), the ATFERM noted that the Agency has no formal mechanism to evaluate model
acceptability, which causes redundant inconsistent evaluations as well as uncertainty about acceptability
of modds being gpplied and the results that the Agency obtains with the models. The ATFERM report
recommended establishment of acceptability criteria because “acomprehensive set of criteriafor
model sdlection could reduce inconsstency in modd sdection” and “ ease the burden on the Regions
and States applying the modelsin their programs’. For Section |1 of their report, they drafted a set of
“acceptability criteria” In Section 111, they provided the “ Agency Guidance for Conducting Externa
Peer Review of Environmental Regulatory Modeling,” which was later issued in July 1994 by EPA’s
Deputy Adminigtrator on behalf of the Science Policy Council (SPC) as EPA 100-B-94-001.
ATFERM ds0 proposed a charter for a Committee on Regulatory Environmental Modeling (CREM)
to be created by the Deputy Administrator or the new SPC to carry on work begun by the ATFERM
and to provide technical support for model users. This proposa was based on SAB recommendations
(SAB-EC-88-040, SAB-EC-88-040A, and SAB-EEC-89-012).

Inits peer review of the “ Agency Guidance for Conducting External Peer Review of
Environmental Regulatory Modding,” SAB heartily endorsed the Agency’ s generd approach to
conducting peer review of environmenta regulatory modeling (EPA-SAB-EEC-LTR-93-008). The
Environmental Engineering Committee (EEC) noted the “most important eement to the review process
isthe verification of the modd againg available datain the range of conditions of interest” with a
discussion of compensating errors and suggested “some guidance needs to be provided as to what
condtitutes adequate modd performance.” The report aso included specific recommendations on
organizationa and peer review processes. Later SAB asked to work with the Agency on daifying its
own role, dong with other peer review mechanisms, to cover subgtantidly new models, sgnificant
adaptations of existing models, controversa applications of existing models, and applications with
sgnificant impacts on regulatory decisions (EPA-SAB-EEC-COM-95-005). When implementation of
these plans had fatered after severd years, SAB urged the Agency to move forward in consolidating its
gainsin modeing. Their recommendation was echoed in a 1997 externd review of “Plansto Address
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Limitations of EPA’s Motor Vehicle Emissons Modd” (GAO/RCED-97-210 p. 10).

In part, as aresult of SAB’s urging, the Agency conducted the Models 2000 Conference in
Athens, GA, in December 1997. Dr. Ishwar Murarka represented the SAB and made a presentation
noting the increasing complexity of models. He aso stressed the importance of verification and
vaidation issues, sengtivity and uncertainty andyses, intra- and inter-Agency coordination, and the
need for a peer review mechanism. Dr. Murarka s bottomline was that new approaches are needed to
insure that models are devel oped, used, and implemented appropriately. The Models 2000
Searing/Implementation Team (SIT) is engaged in an on-going SAB consultation with the
Environmental Modd's Subcommittee on the Agency’ s modeling efforts that began in May 1998.

Recent discussions have revealed that

1. the Agency would benefit from an integrated strategy/mechanism for dealing with
computer models development and use within the Agency or across agencies.
2. the Agency is developing multi-media, multi-pathway models in different program

offices for different purposes and SAB has initiated an Advisory on a module of
one of the models (i.e., TRIM.FaTE).

3. a SAB consultation was requested on the follow-up activities of the Models 2000
workshop, on establishment of the CREM, and on the Agency’s goals and
objectives in establishing the model acceptability criteria and peer review
guidelines.

1.2 Role of the Science Policy Council

The Science Policy Council (SPC), including its associated Steering Committee (SPC-SC),
was established by the Administrator as a mechanism' for addressing EPA’s many significant policy
issues that go beyond regiona and program boundaries. They noted that the development and
gpplication of environmenta regulatory models (ERMs) must be viewed within the larger framework of
the risk assessment-risk management (environmental decision-making) paradigm currently utilized by
the Agency. Ultimately models can be seen as tools with which risk assessments are performed to
support risk management decisons. Therefore, it is critica that the purposes, limitations, and
uncertainties inherent in an environmental moded be understood by the risk assessor gpplying the model
to arisk concern and the risk manager who depends upon the outputs from amode in decison-
making. They aso need assurance that the modd is being utilized consstently across the Agency.
Further, it isvita that the process by which amode is developed, the criteriafor evauating its
credibility (mathematicd vdidity, approximation to field results, gpplication to different scenarios, etc.)
be ble to the outside world for objective andlysis (e.g., external peer review), and to assessment

L As such, its goal is the integration of policies that guide Agency decision-makers in their use of scientific and technical
information. The SPC works to implement and ensure the success of initiatives recommended by external advisory bodies such as the
National Research Council (NRC) and SAB, as well as others such as the Congress, industry and environmental groups, and Agency
gf.



by the public? at large. Also as modding becomes more sophisticated and bridges multi-media, multi-
pathways, multi-endpoints, it demands a higher degree of technica expertise and training from the EPA.

The recently issued SPC Peer Review Handbook (USEPA, 1998) incorporates the earlier
ATFERM guidance on the peer review of ERMs (on the EPA website http://www.epa.gov/ORD/SpC).
The ATFERM guidance dates that “...environmental modes...that may form part of the scientific bass
for regulatory decison-making a EPA are subject to the peer review palicy...and...this guidance is
provided as an aid in evaluating the need and, where appropriate, conducting external peer review
related to the development and/or application of environmenta regulatory modding.” The guidance
further defines what is encompassed by peer review of model development® and applications.*

The guidance describes the steps in the external peer review process, the mechanisms, generd
criteria, and documentation for conducting externa peer review and the specific elements of peer
review. Thedementsinclude: 1) modd purpose, 2) mgor defining and limiting congderations, 3)
theoretical basisfor the modd, 4) parameter estimation, 5) data quaity/quantity, 6) key assumptions, 7)
mode performance measures, 8) modd documentation including users guide, and 9) a retrospective
andyds. The guidance does not specifically address externdly funded modd peer review, but Agency
policy® being developed for implementation of the Cancer Guidelines should provide a useful precedent.

The Risk Assessment Forum (RAF) was established to promote scientific consensus on risk
assessment issues and to ensure that this consensus is incorporated into gppropriate risk assessment
guidance. RAF recently convened aworkshop on Monte Carlo andysis (EPA/630/R-96/010), and
acting upon the recommendations from the workshop, developed a set of guiding principlesto guide
agency risk assessorsin the use of probabilistic anadysistools. The tools were aso provided to support
adequate characterization of variability and uncertainty in risk assessment results (e.g., sengtivity
analyses). Policy on acceptance of risk assessments was aso developed. It requires that the methods
used be documented sufficiently (including al models used and dl data upon which the assessment is
based and all assumptions impacting the results) to alow the results to be independently reproduced.

2 Stakeholder involvement (i.e., involvement by those interested or affected entities) in the development of ERMs within
the environmental decision-making framework is both desirable and necessary. It is desirable because often the regulated industries
or other affected groups have special insight or expertise into parameters, e.g., the industrial process, exposure issues, place or media-
based concern, which must be integrated into the EPA model. Their participation provides a value-added dimension to the
development process and enhances the chances of model acceptance and/or public credibility. It is necessary for the obvious reason
of foregoing possible lawsuits and because the public is insisting upon a greater involvement in the decision-making process
(Presidential Commission, 1997; NRC, 1996).

s Models developed to support regulatory decision-making or research models expanded to develop scientific information
for Agency decision-making would be subject to the peer review guidance.

e Normally, the first application of a model should undergo peer review. For subsequent applications, a program manager
should consider the scientific/technical complexity and/or novelty of the particular circumstances as compared to prior applications.
Peer review of all similar applications should be avoided because this would likely waste precious time and monetary
resources while failing to provide the decision-maker with any new relevant scientific information. Nevertheless, a
program manager may consider conducting peer review of applications upon which costly decisions are based or applications which are
likely to end up in litigation.

5 The specific details are not yet available, but externa stakeholder groups funding peer reviews of ERMs for Agency use
will be expected to generally adhere to the same procedures that the EPA is following.
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1.3  Purpose of the White Paper

In follow-up to the Modds 2000 Conference, the initial Coordinating Committee to the SPC
proposed that an examination of options for implementing the ATFERM recommendations on model
acceptance criteriaand peer review, and to publish the findings in awhite paper. The SPC-SC
accepted the proposal as ameans of providing background for decisons on SPC direct involvement in
the Models 2000 effort and the proposed CREM. An Agency-wide task group representing the
Nationa Program offices, Regions, ORD and EPA’s Qudity Assurance Divison was assembled (see
Appendix A) to consder whether the ATFERM proposa should be carried out and, if so, with what
criteria

For further clarification, the following questions raised by the ad hoc Coordination Committee
are answered (Section 6):

1 How do theissues of Peer Review (externd/internd) and QA/QC evauation relae to
acceptability determination?

2. What is a consensus definition of model use acceptability criteria?

3. Does acceptability correspond to a particular model, or specific gpplications of a

model?

4, Does acceptability cover only models developed by EPA or can it cover externally
devel oped models?

5. Does acceptability mean the agency will develop a* dearinghousg’ of models that meet
EPA’s definition of acceptable?

6. Would each program/region develop their own system for eva uating acceptability?

7. Should EPA apply a generic set of criteria across the board to al categories of
environmenta regulatory modds (ERMs) or should acceptability criteriadiffer
depending on the complexity and use (e.g., screening vs. detailed assessment) of a
model?

10



2.
BACKGROUND

2.1 Current Practices in Model Evaluation

The task group first wanted to establish a background in order to address whether or not model
acceptance criteria (MAC) should be adopted, and if so, how to define them. They wanted to know if
the context for the MAC had changed. Available information focusing on the last five years snce the
ATFERM report was written, along with case historiesin modd eva uations (Appendix B), are
summarized in the following sections:

2.1.1 Office of Air and Radiation (OAR)

1) The Office of Air Quality Planning and Standards (OAQPS)

OAQPS supports implementing the Clean Air Act (CAA) air qudity
modding requirements, which includes severd mechanismsto asss the
Regiond Offices and state and loca air pollution control agenciesin approving
and/or developing models and modeling techniques for air quaity disperson
gpplications. It has weathered the test of time and continues to meet the
Regions needs, therefore recommendations to change its current emphasis or
mode of operation are not needed. The implementation process includes the
following:

a Appendix W to Part 51: Guiddine on Air Qudity Modds (Guiddine)
of 40 Code of Federd Regulations

The Guideline promotes condgtency in the use of air quaity
disperson modding within the air management programs. 1t dso
recommends air quaity modeling techniques that should be gpplied to
State Implementation Plan (SIP) revisons and new source reviews,
including prevention of significant deterioration (PSD) permits. A
compendium of models and modeling techniques acceptable to EPA is
provided. The recommended models are subjected to peer scientific
review and/or a public comment and review process. The Guiddine
specifically addresses the use of dternative models or techniques, if an
EPA preferred model or procedure is not appropriate or available.

Severd revisons to the guideline have occurred over the years.
New modding paradigms or models proposed for the Guideline are
required to be technically and scientifically sound; undergo beta testing,
mode performance evauation againgt gpplicable EPA preferred
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b)

modds, and use of field sudies or fluid modding evaduation;
documented in a user’ s guide within the public domain; and undergo
some leve of peer review. The conferences and modeling revisons are
announced and proposed through the Federal Register. Modeling
revisons then become a part of the regulatory process after publication
of afina notice that addresses public comments and EPA’ s responses.
Many new modeling techniques have successfully made the trangtion to
some level of Guideline acceptance.

Mode Clearinghouse

Section 301 of the CAA requires amechanism for identifying
and standardizing inconsstent or varying criteria, procedures, and
policies being employed in implementing and enforcing the CAA. The
Regions are responsible for ensuring that fairness and uniformity are
practiced. The Mode Clearinghouse was created many years ago to
support these requirements. It isa Regiona resource for discussing and
resolving modeling issues and for obtaining modeling guidance and
modeling tools. A primary purpose of the Modd Clearinghouseisto
review the Regiond Offices positions on non-guiddine models or
dternative techniques. The Clearinghouse reviews each referrd for
nationa consstency before fina gpprova by the Regiond
Adminigtrator. Thisrequires an historica cognizance of the
Clearinghouse on usage of non-guideline techniques by the Regiond
Offices and the circumstances involved in each gpplication.

In FY'-1981, the Clearinghouse began to maintain paper files of
referrds from the Regiona Offices. These files document the usage of
non-guideine modds and dterndtive techniques. Theinformation in the
filesis summarized and communicated to the Regiona Offices
periodicaly to increase awareness of any precedents when reviewing
date or industry proposas to apply non-guideine models or dternative
techniques.

After afew years, the Modd Clearinghouse Information
Storage and Retrieva System (MCHISRS) was designed. Thisisa
database system to manage information about Regiond inquiries
involving the interpretation of modding guidance for specific regulatory
aoplications. The computer database was recently placed on the
SCRAM BBS for wider dissemination and access. The MCHISRS
includes key information involving States, pollutants, models, terrain
type, and so on, plus a narrative summary. The summary includesa
atement of the modeling or modeling related issue involved and the
Clearinghouse position on theissue. Any users can now examine the
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d)

historical records to determine impact on their particular application.

The Clearinghouse is dways accessble to the Regions. A
mechaniam for timely review of unique modeling gpplications or
nonguideine modding techniques with a view toward nationwide
precedent and consstency is professondly achieved with the
Clearinghouse.

Support Center for Regulatory Air Modding Internet Web ste,
(SCRAM Internet Web site)

An important by-product of the Modd Clearinghouseisthe
development and maintenance of the SCRAM Internet website. This
bulletin board has been in existence and accessible to the public for at
least adecade. The SCRAM Internet website represents an electronic
clearinghouse for the Agency and provides a criticd linkage to the
Regions and the public. It maintains a historical record of guidance on
generic issues and other policy memoranda and is updated as needed.
All of the Agency’ s models and user’ s guides that are recommended
for regulatory use are maintained through OAQPS and available at all
times through the SCRAM Internet website.

In addition to the Agency preferred models, a variety of
dternative modeds and support computer programs are available
through SCRAM Internet website. This Internet website aso provides
complete and timely documentation of not only the revisons to these
modedls but documentation on why they were needed and their effects
on mode performance. Although the basic format of the Internet
website has not changed sgnificantly, changes are made to better meet
the needs of the customers and the ever broadening scope of air
disperson modeing.

The recent move of the bulletin board to the Internet is just one
example of how OAQPS worksto improve bility of this system.
The SCRAM Internet website is one of the most user-friendly bulletin
boards on the INTERNET. It appears that the mgjority of the
Regions needsthat are related to the successful implementation of the
CAA air qudity disperson modding regulations and requirements are
met by the Clearinghouse and the SCRAM Internet webste.

Conferences on Air Qudity Modeling

Section 320 of the CAA requires EPA to conduct a conference
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2)

on ar quaity modding a least every three years. The Seventh
Modeling Conference on Air Quaity Modeling should be held this yeer.
The conference provides aforum for public review and comment on
proposed revisons to the Guideline.

€) Periodic Modeling Workshops

Findly, an annua workshop is held with the EPA Regiond
Meteorologists and state and loca agencies to ensure consistency and
to promote the use of more accurate air quaity models and databases
for PSD and SIP-related applications.

Office of Radiation and Indoor Air (ORIA)

Intra- and Inter-Agency cooperative efforts devel oped technical
guidance on mode selection and evauation through a joint Interagency
Environmentd Pathway Modding Working Group. The group was established
by the EPA Offices of Radiation and Indoor Air (ORIA) and Solid Waste and
Emergency Response (OSWER), the Department of Energy (DOE) Office of
Environmenta Restoration and Waste Management, and the Nuclear
Regulatory Commisson (NRC) Office of Nuclear Materia Safety and
Safeguards. Their purpose was to promote more appropriate and consistent
use of mathematical environmental models in the remediation and restoration of
Stes contaminated by radioactive substances.

Fird, the EPA, DOE, and NRC working group sponsored amail
survey in 1990 and 1991 to identify radiologic and non-radiologic
environmentd transfer or pathway computer modes that have been used or are
being used to support cleanup of hazardous and radioactive waste Sites. The
intent of the survey wasto gather basic adminigtrative and technicd information
on the extent and type of modding efforts being conducted by EPA, DOE, and
NRC at hazardous and radioactive waste sites, and to identify a point of
contact for further follow-up. A report, Computer Models Used to Support
Cleanup Decison-Making at Hazardous and Radioactive Waste Sites, was
published (EPA 402-R-93-005, March 1993) to provide a description of the
survey and modd classification scheme, survey results, conclusons, and an
gppendix containing descriptions and references for the models reported in the
urvey.

L ater, reports resulting from the working group’s efforts were published
(described below) to be used by technicd saff responsble for identifying and
implementing flow and transport models to support cleanup decisions a
hazardous and radioactive waste Sites. One report, Environmenta Pathway
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Modds. Ground-Water Modeling in Support of Remedid Decison-Making at
Sites Contaminated with Radioactive Materiad, (EPA 402-R-93-009, March
1993) identified the role of, and need for, modeling in support of remedia
decison making at sites contaminated with radioactive materids. It addresses
al exposure pathways, but emphasi zes ground-water modeling at EPA
Nationa Priority List and NRC Site Decommissioning Management Program
dtes. Its primary objective was to describe when modeling is needed and the
various processes that need to be modeled. In addition, the report describes
when smple versus more complex models may be needed to support remedid
decison making.

A Technica Guide to Ground-Water Modd Selection at Sites
Contaminated with Radioactive Substances (EPA 402-R-94-012, September
1994) was prepared to describe methods for selecting ground-water flow and
contaminate transport models. The salection process is described in terms of
matching the various Site characteristics and processes requiring modeling and
the avallability, reliability, vaidity, and costs of the computer codes that meet
the modding needs.

Another report, Documenting Ground-Water Modeling at Sites
Contaminated with Radioactive Substances, (EPA 540-R-96-003, January
1996) provided a guide to determining whether proper modeling protocols
were followed, and, therefore, common moddling pitfdls avoided. The
problems were noted in areview of 20 site-gpecific modding studies at
hazardous-waste remediation Sites (Lee et d., 1995). Thereview cited
problemsin 1) misunderstanding of the selected modd, 2) improper application
of boundary conditions and/or initid conditions, 3) misconceptudization, 4)
improper or unjustifiable estimation of input data, 5) lack of or improper
cdibration and verification, 6) omisson of or insufficient sengtivity and
uncertainty andyss, and 7) misinterpretation of amulation results. Any of these
errors could impact remedia and risk decisons. Asaguide to modeers, this
report demongtrates a thorough approach to documenting model applicationsin
acongstent manner. A proper documentation of modeling results was found to
answer the following questions:

. Do the objectives of the smulation correspond to the decision-making
needs?

. Arethere sufficient data to characterize the Site?

. Is the modeler's conceptud approach cons stent with the ste's physical

and chemica processes?

. Can the modd satisfy dl the componentsin the conceptua mode, and
will it provide the results necessary to satisfy the study's objectives?

. Arethe modd's data, initid conditions, and boundary conditions
identified and consstent with geology and hydrology?
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. Are the conclusons consstent with the degree of uncertainty or
sengitivity ascribed to the modd study, and do these conclusions satisfy
the modder's origind objectives?

The approach recommended for evauating models consists of three
seps: (1) determining one's objectives and data requirements for the project;
(2) properly developing a conceptual modd for the Site, which describes the
physicad and chemica system that must be smulated; and (3) selecting and
applying the model in a manner consstent with the objectives and the Ste's
known physica characteristics and input variables.

3) The Office of Atmospheric Programs

See RADM case higtory in Appendix B.

4) The Office of Mobile Sources (OMS)

OMSsmodd evauation includes extensive stakeholder review,
increased amounts of externa peer review, and dpha- and beta- testing of
models. Recent efforts have included using the ATFERM guidance and the
Agency's peer review policies for conducting more extensve peer review and
model evauation. In addition, efforts are underway to determine the best and
mogt efficient way possible to determine uncertaintiesin models.

2.1.2 Office of Solid Waste and Emergency Response (OSWER)

In 1989, OSWER undertook a study to examine its modeling environment.
OSWER gaff found more than 310 modelsin use in the hazardous waste and
Superfund programs. Many of the earlier models were written in Fortran. The newer
models, many written to run on microcomputers, used avariety of languages and tools.
These modds varied in their gpplications and design. Efforts to verify, vaidate, and
select modds were inconsistent with little overal guidance and user support. The
report concluded with three recommendations:

Task Areal. Initiation, Additiond Study, and Preparation of a Management Plan.

Task Area2: Development of Guidance for Modding.

Task Area3: Edablishment of User Support Network for HW/SF Modding.

This study prompted OSWER' s leadership in the development of the
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2.1.3.

subsequent Agency Report of the Agency Task Force on Environmenta Regulatory
Modding (EPA 500-R-94-001) and the Guidance for Conducting External Peer
Review of Environmenta Regulatory Models (EPA 100-B-94-001).

The Situation today has become even more complex with the advent of
microcomputers and fourth generation languages that facilitate rapid development of
computer programs. However, most of the chalenges that faced EPA when the
OSWER modding study was undertaken still exist today. For example, the threat of
legd chalenge to the use of models for regulatory gpplications continues.

Recently, aVdidation Strategy has been developed for the IEUBK model
(EPA/540/R-94-039). The gpproach emphasizes verification, vaidation and
cdibration as previoudy established through the ATFERM report for environmental
exposure modes even though the modd isfor blood lead levelsin children rather than
exposure assessment. It uses 4 components:

1 Scientific foundations of the model structure. Doesthe modd adequately
represent the biologica and physica mechanisms of the modeled sysem? Are
these mechanisms understood sufficiently to support modeing?

2. Adequacy of parameter estimates. How extensive and robust are the data
used to estimate model parameters? Does the parameter estimation process
require additional assumptions and approximetions?

3. Verification. Are the mathematica relationships posited by the mode
correctly trandated into computer code? Are modd inputs free from numerica
errors?

4. Empirical comparisons. What are the opportunities for comparison between
model predictions and data, particularly under conditions under which the
mode will be gpplied in assessments? Are mode predictions in reasonable
agreement with relevant experimenta and observationd data?

OSWER bdlievesthat at least some of these principles would aso work for
model applications.

Office of Water (OW)

The Office of Science and Technology (OST) in OW is not currently evauating
any models aong the lines of the ATFERM acceptance criteria. However, there are
two models that will probably be put through the peer review process in the future.
Aquatox, is being interndly evauated and later the mode will be peer reviewed using
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2.14

2.1.5.

criterialike those in the ATFERM report. After it has completed devel opment,
CORMIX will also be peer reviewed.

Another effort isthe review of the Basins version 2, an integrated package of a
geographic information system, spatiad and environmenta data, customized analytica
tools, watershed and receiving water quality models, and model post processing to be
used in analysis of watersheds and preparation of reports and records for Total
Maximum Daily Loads. The review objectives do not address eva uation of the models
themsalves. Long established models like HSPF and QUAL 2E have been tested and
peer reviewed in the past. However, past evauation information may not be accessble
(e.g., 1980 tests of HSPF that had 10 year record retention schedules).

Office of Prevention, Pesticides and Toxic Substances (OPPTS)

OPPTS does not have a standard approach to model evaluation. Models have
been largely developed by consultants with variable evauation practices. Also ascore
of different models are used in OPPTS; they range from the trivid to the very complex
and in each case the model evauation depends on its complexity. For example,
recently alarge consulting firm developed amodd to be used at OPPTS for the Acute
Dietary Exposure Anadyses and Risk Assessment. Thismode produces aredigtic
caculation of dietary exposure and includes a Monte Carlo andysis to estimate dietary
exposure from potentia resdues of the total chemica residuesin food. It dso usesa
huge data base that conveys the food consumption habitsin the USA. The primary
evauation of the modd was done following the Quadity Assurance and Quality Control
procedures of the vendor. A second in-house evauation of the model has been
conducted through peer review. Statigticians, managers, scientists, computer
programmers, and outs de consultants evaluated the algorithms of the modd to reach a
consensus that the modd is correct and closdly represents redity. However, no forma
sructured form of modd vdidetion (i.e., amathematica vaidation) has been used on
this particular model. A field verification of this modd is not possible because of lack of
data. The mode validation process rests heavily on a balance reached through a
consensus among the parties involved and a congtant flow of information between the
vendors, the reviewers, and the users. Ultimately, the Scientific Advisory Pandl, an
externa peer review group mandated by the Federd Insecticide, Fungicide and
Rodenticide Act (FIFRA) is responsible for reviewing mgor new models used by
OPPTS.

Office of Research and Development (ORD)

ORD has been involved in modd evauation as wel as development in its
support for the National Program Offices and Regions. Case historiesin mode
evauation (Appendix B) demonsirate awide range of gpproaches from traditional
cdibration and validation (SHADE-HSPF and RADM) to benchmarking with other
Federa Agencies (MMSOILS). Mode systems are also being developed similar to
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that planned by OAQPS (TRIM.FaTE). Peer review mechanisms used in the case
higtoriesinclude internd review, review by EPA and non-EPA (e.g., DOE) advisory
committees, and journa peer review of articles.

In 1994, a protocol for mode vaidation (in the Draft white paper “Modd
Validation for Predictive Exposure Assessments’ see Appendix C) was prepared & the
request of the Risk Assessment Forum. The protocol was developed from adesign
perspective to provide a consstent basis for evauation of amode in performing its
designated task reliably. A wide variety of evidence was proposed to inform the
decison rather than just the conventiona test with matching the model output to
historical data (history matching). Therefore, the protocol could cover the case where
predictions make extrapolations from past observations into substantialy atered future
gtuations. The protocol addressed three aspects:

1 Theintringc properties of the moded;
2. The nature of the predictive task; and
3. The magnitude of the risk of making awrong decison.

It was noted that moddls would differ in the level of evauaion possble. If the
prediction task was routine where quantitative results of modd performance could be
evauated, the risk of making awrong decision would be low. If the prediction task
was nove, where little previous experience existed on the model’ s performance,
evidence would be more quditative (e.g., peer reviewer’s opinions on the composition
of the modd), the risk would be higher.

The types of evidence supporting mode evauation were outlined and included:

A) Structure - the conceptua basis (easier for established theories but hard to
quantify uncertainty) and the way in which the condituent mode mechanisms
(hypotheses) are expressed mathematically and connected to one another;

B) Complexity in number of its date variables and parameters (e.g., ecological
models of environmenta systems would have more hypotheses and it would be
more difficult to detect afailure in any one hypothesis or to predict itsimpact on
the prediction);

C) Vaues of the parameters and the bands of uncertainty around them (related to
the data quality) and extent of the observations,

D) Sengtivity of the outputs of the modd to changesin assgned vaues of each
parameter; and

E) History matching with field data which can include quantitative evaluation of
modd performanceif criteriafor success are provided.

In modeling supporting regulatory uses, the evauation process resultsin a
choice to use amodd asatool for prediction. This emphasizes the perspective of the
quality of the decison and tests the null hypothesis that the model adequately
represented the process modeled until shown to be otherwise. The sum of the evidence
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2.2

would be used, however, methods for weighting types of evidence are needed.
Unfortunately the term of the most knowledgesble advocate of the Risk Assessment
Forum ended before action was taken and the other members did not pursue the
protocoal.

Summary

The various Nationa Program Offices and the Office of Research and
Development vary in their gpproach and practicesin modd evauaion aswel asinthe
types of moddsthey use. In our review of program information and mode evauation
case higtories (Appendix B), we noted that modes are becoming more diverse ranging
from Ste-gpecific to regiond in scale; from single contaminant and pathway to multi-
pathway and multi-contaminant in operationa scope; and from estimating Smple
exposure results to providing complex risk assessments or comparisons of management
optionsin function. They are dso more complex as“modd sysems’ are being
deve oped with component modules and even dgorithms that will be uniquely
assembled only at the time of application. Inter-agency efforts are dso more involved
in evauation and selection of moddsin shared projects. This situation varies from
1993 when the ATFERM find report was written which defined environmental models
in terms of fate and trangport, estimation of contaminant concentrations in soil,
groundwater, surface water, and ambient air in exposure assessment (page 111-1).
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3.
OPTIONS FOR SPC INTERACTION WITH CREM

Options Considered by the Task Group

Do nothing. This option implies that the current peer review policy, i.e., the SPC (Section
1II, ATFERM report) referenced in the SPC Peer Review Handbook (USEPA, 1998),
would remain the basis for decisions on model evaluation. This guidance recommends
external peer review, which remains to be defined as to its precise nature, but would have
to have some objective standards/criteria; furthermore, the ATFERM MAC would have
to be sorted out as to their appropriateness/present utility for external peer review. This
leads us back to the need for generally acceptable MAC for the Agency and to the
repeated recommendations of the SAB for a mechanism such as CREMto address Agency
models.

Establishthe CREMand have them responsiblefor reviewing “environmental”’models
for acceptability in regulatory use (e.g., policy, regulatory assessment, environmental
decision-making) and list acceptable models as proposedinthe ATFERMreport using
criteriaas listed in the ATFERMreport or a revision of the criteria. The CREM would
implement the model evaluation process and upgrade the model information system. This
could be accomplished through either the models website or a clearinghouse library that
provides information on how models satisfy the model acceptability criteria and access
to the models. Model use acceptability criteria as listed in the ATFERM report or a
revision of the criteria addressing changes in model evaluation practices and the
increased complexity and range of models in use across the Agency, would be used as the
standards for information reporting. Generic criteria with specific programmatic
refinements (e.g., quantitative elements) could be envisioned.

Leave decisions on regulatory use to program managers (who provide specifications
like quantitative criteria) and their technical staff but require accessible information
responding tothe model acceptance criteria. Again, this could be accomplished through
either the models website or a clearinghouse library that provides information and access
to the models. Model acceptability criteria as listed in the ATFERM report, or a revision
of the criteria, addressing changes in model evaluation practices and the increased
complexity and range of models in use across the Agency, would be used as the standards
for information reporting. Revision of the ATFERM model acceptance criteria would be
addressed through a phased evaluation (e.g., development evaluation with qualitative
criteria then application with quantitative criteria related to regulatory application) and
analysis of the most appropriate kinds of peer review to apply to model development and
use.
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3.2 Task Group Recommendations

The task group recommends a combination of options 2 and 3. Decisons on regulatory use
of models would be l€eft to program managers recognizing model acceptability is related to its pecific
use, however, the Science Policy Council should engage in direct interaction with the CREM to provide
updated genera guidelines on moded acceptance criteriato maintain consistency across the Agency.
The program managers should respond to the updated genera guidelines on model acceptance by
developing specifications related to the mode types and usein their programs and assuring mode!
information responding to the criteriais accessble. Modd acceptance criteriawill help define generd
acceptability for modd developers aswell as assst users to select and apply models gppropriately.

The CREM should provide feedback to Agency senior management on consistency in response to the
generd guidance after periodic review of selected models.
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4.
PROPOSED SCOPE, APPROACH, AND SUPPORTING ANALYSIS
FOR THE GENERAL GUIDANCE

4.1 Scope ! Handling Uncertainties in Model Evaluation

Modd evauation must address both quaditative and quantitative uncertainties (Beck et al.
1997). Qualitative uncertainty arisesin the comparative andyss of the modd's structure to the
environmental component addressed in the regulatory task. Structure is the way the congtituent
components or hypotheses are expressed mathematically and connected. Each hypothesis can be
judged untenable if modd predictions are found to be incompetible with observations of redity. Finding
invaid components or connections is more difficult in complex models. Evauation of the key modedl
components and their redundancy can help us discriminate between a match and amismatch in
qualitative observed behavior and the mode sStructure. However, it is difficult to quantify the impact on
resultsin predictions from structurd errors.

Quantitative uncertainty occursin vaues assgned to mode coefficients (parameterization)
and isrelated to the amount and quaity of rdlevant data (e.g., variation of contaminant concentration in
time and space) available. Matching of the modd's predictions (performance) to past observations,
even when reasonable agreement is found, can mask real uncertainty in the mode's approximation of
the environment's behavior. Mis-characterization of one parameter can mask, or compensate for mis-
characterization of one or more other parameters.  So evaluation of the uncertainty in cdibration of the
parameters should be quantified (e.g., variances and covariances of parameter estimates or bands of
uncertainty) to support model sdection (e.g., match the regulatory task aternatives to amodel only in
areas where they are maximally insengtive to the known uncertainties). Thus a strategy can be
developed identifying the objective evidence to be considered in mode evauation and how to represent
the weight of evidence in the modd's success or failure to perform its designated task.

The overview of modd eva uation above, however, does not address dl problems that occur in
the Ste specific application phase. Agency program managers need to need to be aware that other
factors may dso affect the viability of mode predictions. Modd outputs or predictions must be
evauated to identify erroneous and uncertain results from improper input data, improper boundary
condition specification, unjudtified adjusment of modd inputs as well as violations of modd assumptions
and exercising of the modd outside its proper domain and gpplication niche (EPA-SAB-EEC-LTR-
93-008).

Although peer review is mentioned as a touchstone in the modd evaluation process by both the
ATFERM report and Beck et d. (1997), difficultiesin applying effective peer review should not be
underestimated. First, model evauation must be conducted for the range of processes from model
congtruction through to the regulatory use of its outputs. For each process different peers may be
appropriate. Because of the technica nature of model congtruction, there is atendency to focus on
model congtructors asthe principd, if not the only peer reviewers. This can emphasize ajournd syle
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peer review gpproach, which may be necessary, but is not sufficient according to the Peer Review
Handbook.

Second, peer review can rarely make a comprehensive andyss of amode including the
technica aspects of itsimplementation. For example, an essentid part of amodd code verification
includes a line-by-line analysis of computer code, which is not atask thet a peer reviewer, in the
traditiona sense, is ableto complete. These particular difficulties, when combined with the generd
difficulties known to exist with peer review such as gpparent subjectivity in quaitative aress (e.g., van
Valen and Pitelka 1974, Peters and Ceci 1982, Cichetti 1991), mean that we can not rest on peer
review as though it were agold standard. Peer review can be useful for some functions but is
inadequate for others, such as modd code development and the andlyss of practical questions about
the use of modelsin aregulatory framework unlessthe term, “peers’, is defined more broadly than ever
before. For example, the questionsin the peer review charter could address specific model evauation
records such as code verification (if general guidance on the necessary records was provided) and ask
reviewers if the evauation was adequate. The peer review pand would need to be constructed to
contain appropriate expertise in this area.

For it to be an effective part of mode evauation, guidelines need to be developed for the types
of peer review that should be gpplied to the different components of uncertainty and precisaly how
these should be used by the Agency in its three-part assessment. Specifications are needed when peer
review isused in the andlysis of particular ements. The type of peer review used might range from
letter reviews by individua researchers, internd or externd to the agency, providing individua opinions
to panels of scientists, managers and end users of modd outputs making a comprehensive andys's of
model development and use. Supplying the technical specifications to reviewers for them to usein
asessing particular dements of uncertainty would be an innovation for review of models but it issmilar
to the technica standards used in manuscript review.

4.2 Approach

4.2.1 Strategy for Model Evaluation

Considering that the Agency’ s regulatory actions are often chalenged, the
model acceptance criteria need to reflect the “ state of the art” in mode evauation (see
Appendix D). The criteriadso need to be incorporated into an Agency-wide strategy
for model evauation that can accommodate differences between model types and their
uses. Asdiscussed in Section 3.1.5, a protocol was developed for the RAF to provide
aconggent basis for evauation of amodd’ s ability to perform its designated task
reliably (see Appendix C). The protocol offersflexibility by proposing awide variety of
evidence to support the decision and covered even stuations lacking field and
laboratory data. The protocol aso includes the nature of the predictive task and the
meagnitude of the risk of making awrong decision as context for evduating the intrinsic
properties of the modd. Because the evauation process results in a choice of whether
or not to use amodd as atool for prediction, the perspective of the qudity of the
decison isemphasized. Also, the protocol accepts the null hypothesis that the model
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adequatdly represents the modeled process until shown to be otherwise which is
consstent with current thinking. This protocol isagood place to Sart, however, its
terminology needs to be updated.

4.2.2 Strategy for Defining Uncertainty in Model Elements

While thereis no dear and universdly gpplied definition of the modd evaduation
process, thereis consderable overlap between suggested strategies and their working
definitions. For example, there is repeated use of model eva uation dements despite
congderable differencesin modd types and applications of available evaluation
techniques. Thisinforma consensus provides the potentid for characterizing mode
evauation by analyzing and defining the following dements
Uncertainty in the theory on which the modd is based.

Uncertainty in trandating theory into mathematical representation.
Uncertainty in transcription into computer code.
Uncertainty in assgning parameter values and modd cdibration.

Uncertainty in modd tedts.

OO OO O OO

This approach could be used to identify those e ements that must rely on peer
review, thosethat should use quantitative measures (e.g., decison maker specifies
the acceptable agreement in accuracies and precisions between distributions of model
outputs and data from field sampling); and those that should be assessed by an agency
panel (e.g., users, stakeholders, and program staff to address effectiveness and
accessbility of computer code). Whereas modelers and scientists familiar with amodel
tend to focus on improving particular eements of uncertainty, the EPA requires a
comprehengve and consstent basis for evauating if amode performsits designated
task reliably. This gpproach aso offers the potentia of a comprehensive integration of
the different moded eva uation componentsinto a framework for judging what
conditutes avalid modd in a specific Stuation rather than the judgement itsdf (Ieft to the
program managers). A wide body of evidence needsto be included in such a process
because no evidence is above dispute, even "objective’ measures of performance
depend on some subjectivity in the chosen level of an acceptable difference between a
pair of numbers (quantitative criteriarelevant to the program).

4.3 Supporting Analysis

Our synthesis (see Table 4.1) focuses on the ASTM D978-92 process description of model
evauation (but not definition), the RAF protocol discussed as astarting point (Smilar to discussonsin
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Beck et d. 1997 and Rykid 1996), and the ATFERM mode acceptance criteriaquestions. ASTM
describes modd evauation in terms of seven processes. conceptudization, program examination,
agorithm examination, data evaduation, sengtivity andyss, vaidation, and code comparison aswell as
documentation and availability. In the academic literature some authors have focused on different
datistics that might be used in model evauation such as cdculations for particular types of variables and
for use at different stagesin the modd evauation process. However, no definitive protocols have
emerged on when or how these gtatistics should be used. The RAF protocol consders: structure,
complexity in number of its Sate variables and parameters, vaues of the parameters and the bands of
uncertainty around them, sengitivity of the outputs of the modd to changes in assigned vaues of each
parameter, and history matching with field data which can include quantitative evauation if criteriafor
success are provided to evaluate modd performance. The ATFERM report suggests four waysto
evauate and rank reliability of models: (1) appropriateness, (2) accessibility, (3) rdiability and (4)
usability and lists questions to be asked under each heading but provides no specifications for

answering them.

TABLE 4.1

The ASTM E978-92, RAF Protocol, and ATFERM report each identify some

of the same issuesin modd evauation giving them different names.
Nomenclature used in ASTM E978-92, left column, is compared with the other
two reports in the next two columns, respectively.

ASTM E 978-92

RAF Protocol

ATFERM

(A% Mode Conceptuaization

Structure & Composition
(5.1.10)*

(338)? Theoretica basi's peer
reviewed?

(A, B) Program Examination

Task Specification (5.1.3)
Decison Risk (5.1iii)

(18) Application niche?
Questions answered?

(B,C) Algorithm Examinetion

Mathematical Expression of
hypotheses & Complexity
(5.1.1ii)

(3b) - dgorithm & code peer
review; (4bvii) code verification

(C, D) Data Evauation

Parameterization, number &
uncertainty (5.1.11ii, iv, v & vi)

(4d) adequate data availability?

(D) Sengtivity Andyss Parameter Sengtivities
(5.2.2vii)

(E) Vdidation Performance - sequence of (1b) Strengths, weaknesses, &
errors, paired/unpaired tests; goplicability relaiveto
cdibration; prediction application niche?
uncertainty (5.1.2i-v) (3defg) testing against field

data? user acceptability?
Accuracy, precison & hias?
Code performance?
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(E) Code Comparison with
Smilar modds

(3 ¢) Veification testing against
accepted models?

Modd Documentation

(4b) Full documentation?

Modd Avallability

(23) Accessibility? Cost?

C

(4a) code structure and internal
documentation?

(4c) user support?

(4egh) pre- & post-
processors? required
resources?

1.2 Numbers correspond to those in the Appendix C protocol and 1994 ATFERM Report EPA 500-R-94-001 questions,
respectively. 3 The letters correspond to the stepsin Part 11 of the strategy described below.
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The generic guiddines for mode evduation (eg., ATFERM and ASTM guiddines above) are
constructed as a series of questions (e.g., “How well does the model code perform in terms of
accuracy, bias and precison?’). They do not set explicit specifications that a model must reach before
it issuitable for gpplication (e.g., two or more smulations with acceptable quantitative results over a
defined range of scenarios). In an integrated assessment of modd uncertainty, it isimportant that
explicit specifications should be set by program managers for each element of uncertainty (both
quditative and quantitative specifications). Thiswould dlow flexibility to cover variation in the overdl
gpproach, complexity, and the purpose of models used by EPA tha may influence the development of
such specifications.

The task group’ s recommendation is to be consstent and use the SPC definition of uncertainty
in the sense of “lack of knowledge about specific factors (coefficients), parameters (data), or models
(structure)” (EPA/630/R-97/001, 1997 page 8) in the following categories and specify how it isto be
asessed. It isrecommended that the strategy include three parts:

4.3.1 Partl - Defining the Objectives for the Model

This part would describe the required task for the modd, its application niche
(ATFERM 1.9), and the precise type of usethat isrequired, (e.g., exactly how it is
envisaged that the model would be used in management and/or regulatory tasks and
decison making). Thispartisessentia to set the stage for providing detailed answersin
Part Il which in turn should lead to Part I11, a comprehensive evauation of model
uncertainty. In some instances complex conceptual models have been built over years
of investigative science that have been combined with predictive modeing. In other
cases new conceptual modds must be developed as very new problems arise and both
researchers and program managers may use a smple gpproach in prediction. Neither
complexity nor smplicity can bejudged as* correct,” both may have their place, and
we require sandards for evauating both. Also, different types of modds have very
different types of output. A particularly important distinction is between models that
have one or more of their mgor outputs continuoudy (or at least regularly) measured
contrasted with models that do not. In thefirst case, there may be a useful measure
againg which to evauae the modd, while in the later case, evaluaion may have to be
indirect and usng arange of different measurements.

4.3.2 Part II - Analysis of Model Uncertainty

The following e ements are suggested for evauating modd uncertainty.

A. Uncertainty in the theory on which the model is based.

An gppropriate theory must underlie the modd. Alternative theories
must have been considered and rgjected on scientific grounds, and a procedure
must be specified for the conditions when new findings will ether influence
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mode structure or cause the development of anew modd. Assessing this
element of modd uncertainty seems mogt likely to involve peer review and it
should be specified how this can be done, e.g., individud reviewers, panels,
workshops, and the charters specifying the output from peer review must be
explicit. Peer review must aso take into account the nature of the task, i.e.,
that the theory used is relevant to the task.

It is quite likely that different programs of the Agency would place
different emphasis on this aspect of uncertainty. For some ecologicd and
environmentd sysemsthere is little difference between scientists in views about
underlying theory (though there may be substantid differencesin how to
measure them), in others theoreticd differences are important. This
corresponds to 3aof ATFERM MAC and Protocol 5.1.1 (i) Structure.

Uncertainty in translating theory into mathematical representation.

Alternative mathematica representations of particular functions must be
discussed and quantitative evidence given to back particular decisions.
Important choices are sometimes influenced by the desire to make amodel run
more quickly - these must be specified. Error propagation associated with the
numerical procedures used to gpproximate mathematical expressions must be
defined. The origin of vaues for modd parameters must be defined and how
they were obtained must be described. Assessment guidelines should specify
which tasks should be undertaken by peer review and which require amore
detailed approach than peer review can provide, and how that will be achieved.
This corresponds to Protocol 5.1.1 (ii), (iii),and (iv), and the first part of 3b of
ATFERM MAC dthough not with the same emphasis on peer review.

Uncertainty in transcription into computer code.

This stage is required to verify thet there are no programming errors
(e.g., that the scientific agorithms are properly embedded), that code meets
QA/QC specifications and adequate documentation is provided. Programmers
are frequently required to make choices in implementing the dgorithms that can
lead to uncertainty. These need to be documented. Also the code must pass
performance tests (e.g. stresstests - NIST Specia Publication 500-234).
Guiddines must specify how, and by whom, this would be done and if not done
by Agency personnd, provide for acquiring the test and documentation
records. It may aso be necessary to specify programming languages. This
corresponds to the second part of 3b of ATFERM MAC and 4athrough 4h.

Uncertainty in model calibration.

There are three aspects.
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@ uncertainty in the data used in cdibration. This should cover everything
from numbers of variables to measurements and sampling intengty.

(b) uncertainty in the techniques employed in the cdibration procedure.
This should cover the use of different optimization techniques and
requirements for their implementation.

(© uncertainty in the parameters obtained. Of course these uncertainties
are the result of many of the previous uncertainties. But there should be
explicit assessment of parameter ranges.

Guideines for assessment of these uncertainties should specify what are
satisfactory sources of data and sets of cdibration procedures. There are likely
to be substantia differences between areas of modeling in the assessment of
cdibration uncertainty. But thistype of uncertainty islikely to be an important
focus of any externd critique and so should be addressed specifically.
ATFERM MAC 3c through 3g refer to some of these points but does not
make the digtinction between cdibration and testing. Sensitivity Analysis
should be contained under this type of uncertainty snce it shows the range of
potentid outputs from the mode under different types and/or levels of
assumptions, e.g., Protocol 5.1.1 (vii).

E. Uncertainty in model tests.

Aswith uncertainty in modd calibration there are four aspects.

@ quantity of dataavailable to make test(s),

(b) uncertainty in the data used in making the test(s)

(© the range of gatistics (number and types of tests) to usein any
assessment, and

(d) uncertainty in how atest will be actudly made (e.g., how isa
difference between a cdibration and atest to be assessed?).

These points influence the power of any tests and therefore the
effectiveness of the assessment that can be made. Protocol 5.1.2 gives
examples of particular types of tests, (e.g., unpaired and paired tests).
However, the types of tests that can and should be used are perhaps the most
variable thing between different types of models, at least at present and they are
likely to remain items for consderable research for example, the value of usng
multiple assessment criteria rather than just one, and how amulti-criteria
assessment can be represented.

4.3.3 Part III - The Overall Assessment
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This part should refer back to the purpose of the mode development. Does
the modd do the required task? Theissueis raised in the Protocol of the magnitude of
the risk in making awrong decision, see Protocol 5.1.3. Applications of the model
provide “tests’ of its strengths and wesknesses. If adequate documentation is
recorded, programmeatic eva uations can be conducted to identify areas needing
corrective action (e.g., Lee et a, 1995 discussed on p.14). Some of the National
Program Offices have developed guidelines for modd evauation for their regulatory
gpplications and these provide examples of the types of specifications that should be
expected for each element of uncertainty. For example, OAQPS has developed a
consgtent practice for air quality models to assure the best modd is used correctly for
each regulatory gpplication (Guiddine on Air Qudity Models, 40 CFR, Ch. 1, pt. 51,
App. W, 7-1-97). In Section 3 criteria are presented for EPA’s evauation of new
models including quantitative specifications for equivalency of new models (eg.,
demongtrated by producing maximum concentration predictions within 2 percent of
estimates from preferred models). Currently “best estimates’ provided by modelers are
used (Section 10) noting that errors in the magnitude of the highest estimated
concentration occurring sometime within an area of 10 to 40 percent are typicdly found
but acceptable because they are within the factor-of-two accuracy.

S.
POSSIBLE FOLLOW-UP ACTIONS

5.1 Additional Support Work Needed

Research isincreasing in the development of techniques appropriate for andysis of the different
elements of uncertainty. These techniques could address specific types of mode development and
gpplication. Some research and development work is needed to support these recommendations.

a)

b)

Analysis of Uncertainty

The analyss of uncertainty provides a unifying strategy for modd evauation
across the different National Program Offices and Regions of the Agency. However,
uncertainty is used in many groups of scientids, eg., fuzzy set theorids, datigticians,
resource managers and risk anaysts. A review needs to be made of these uses -- if
only to document where we may stand relative to others. Methods of quantifying and
combining measures of mode uncertainties (e.g., to quantify the results in predictions
from structural errors) need to be developed aong with modes of presentation to assist
decison makersin interpreting uncertainty in the context of regulatory use.

Model Inventory
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A more comprehensve inventory of the types of modds actudly used in EPA is
needed. Such an inventory might be undertaken by program offices and ORD and
incorporated into the Application Systems Inventory proposed by the Office of
Information Resources Management’ s Enterprise Information Management Divison to
comply with A130. From the last inventory in 1995 and later work by ORD the types
of modelsto be covered are presented in Appendix E.

c) Multi-media and Multi-contaminant Model Evaluation

Multi-media and multi-contaminant models composed of modules grouped
together in different ways to answer specific questions pose a complex problem for
model evauation. Have the modules been evauated for al possible conditions under
which they may be used? Should they be?

d) Comparability of Evaluation Standards Between Models

The issue of talloring the specifications for evauation to the mode’ s phase of
development, complexity, and the types of modd structure, needs to be andyzed.
Frequently an environmenta problem can be pressing, yet thereislittle information
(data) about it. Modds may be one of the few ways of andyzing and estimating effects.
Obtaining an gpproximeate estimate of an environmenta process with an initid mode
may be an important contribution (see EPAMMM case history in Appendix B).
However, there may not be a clearly defined assessment procedure for the mode,
particularly in comparison to more well established models. How can differencesin the
gpecifications of modd evauation be justified and how can an effective model
development and its evaluation procedure, be charted through such stages?

5.2 Suggested Follow-up Actions

1. Determining the form, resources needed and appropriate housing of the
CREM. Theoverdl recommendation of the SPC Steering Committee was that the
proposed CREM provide updated guidance for the Agency. Thus CREM might be
viewed as analogous to the EMMC as a cross-Agency effort to coordinate and
promote consstency in model evaluation and use. This presumes that the god of
developing a consstent gpproach for modeling issues is desirable, if not essentid, to the
EPA’s modding programs. Although beyond the scope of this paper, it is anticipated
that the Models 2000 SIT will present to the SPC a proposal for a charter specifying
the CREM’ s genera function, projected resource requirements and structural
placement within the Agency in conjunction with the white paper recommendations. In
the future, a careful economic assessment by a contractor of the needs of each Program
office and the Regions would be vauable since only limited information on model
assessment is currently available. In addition, it has been suggested that the CREM
might be housed under the auspices of the Risk Assessment Forum.
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Directing the CREM’s work toward issuance of peer-reviewed guidances on
"how'' to evaluate and characterize models to support the strategy for model
evaluation (Section 5) rather than only listing ""what" should be done. A
rough five year time frame for these guidancesis estimated. Examples of guidance
subjects needed are:

C gppropriate methods for peer review of modd s to address uncertainty in model
theory;

C mathematical gpproachesto code verification to address uncertainty in
transcription into modd code;

C the gppropriate use of sengtivity analysesin modeling to address uncertainty in
modd cdibration;

C characterizing gpplicability of aparticular modd (needed data, driving
parameters, responsiveness to data, etc.) to address uncertainty in model tests
and the overall assessment with respect to the stated use of the modd results;

C how to use information (from eva uations covered by above guidances) as
guidance for the technicad user to congtruct a plain English characterization for
the non-technicd, risk manager (i.e,, “model characterization language’” smilar
to the risk characterization paradigm) to address the overal assessment with
respect to the stated use of the model results (Part 1).

Research efforts could be under the auspices of the Risk Assessment Forumin
consultation with the SPC/CREM and could be funded through mechanisms such asthe
ORD’s STAR program.

Developing and utilizing a model clearinghouse to inform internal and
external stakeholders on model evaluation results, availability and application
experience in concert with the Program Offices and Regions. A possble
solution for a centraized location for modd s is the Applications Systems Inventory
(ASI) proposed by the Office of Information Resources Management (OIRM). OIRM
is required to maintain an Information Systems Inventory of metadata related to EPA’s
computer gpplication systems, models, modules and databases. This would require
agreement by the various program offices and Regions to support such asystem. At this
stage, the clearinghouse is not envisioned as being resource-intensive in terms of
providing technica assstance. The user of the clearinghouse would be referred to
individua programs/offices for modd support assistance.

Integration of developed peer review guidance and the supporting aspects of
QA/QC for environmental models. Oncethe CREM has developed peer review
guidance, the supporting aspects of QA/QC for environmenta regulatory models (and
moded systems) will need to be clarified. Some of aspects of eva uation process appear
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more feasible as peer review than others, i.e., evaluation of the scientific theory
underlying amodel versus aline by line verification of the computer code incorporating
the mathematica equations or assessment of input data quaity. Thus, interna Agency
discussons, in consultation with the SAB, would be helpful in identifying the most
appropriate areas of modd devel opment and application for peer review and those
evaluations best conducted and documented as part of supporting QA/QC.

Preparing case studies (see prototypes in Appendix B) that would serve as
examples of how models used in regulatory decision-making can be evaluated
and the value added by such evaluations (e.g., Ozone Transport Assessment
Group and Chesgpeake Bay modeling experience like testing for the submerged aquatic
vegetation ecosystern modeling framework).

Clarifying model terminology used by EPA in producing a Glossary for the
“state of the art” General Guidance. For example, applicable current definitions for
“vaidation,” “uncertainty” for various areas of modd evauation, and “modeling error.”
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6.
QUESTIONS POSED BY THE COORDINATING COMMITTEE

How do the issues of Peer Review (external/internal) and QA/QC evaluation relate to
acceptability determination?

Models are important tools supporting EPA’s efforts in Risk Assessment and
Management. To the extent that models erroneoudy estimate conditions, EPA could make
costly mistakes in related decision-making. Therefore, models are covered by both QA and
peer review requirements.

According to the Science Policy Council Peer Review Handbook, (EPA 100-B-98-
001) models generdly should be peer reviewed, and the ATFERM Guidance for Conducting
Externd Peer Review of Environmenta Regulatory Models has been incorporated in the
handbook (EPA 100-B-94-001). Peer review provides an expert and independent third party
review that cannot be provided by stakeholder or peer involvement and public comment.
However, peer and stakeholder involvement provide va uable advice and feedback to model
devel opers to assure a usable product (e.g., advisory pands and workshops). 1n 1997, EPA’s
Qudity Assurance Divison conducted an evauation of implementation of the EPA’ s peer
review procedures and found that few of the over 300 interviewees used the guidance on model
peer review. Mog, of the few who were aware of the guidance, were unclear about what was
expected in implementing it and gpparently had no incentive to do so because it was “only
guidance.”

The American Nationd Standard “ Specifications and Guidelines for Qudity Systems
for Environmenta Data Collection and Environmenta Technology Programs’ (ANSI/ASQ,
1994) cited in contract and ass stance agreement regulations and incorporated in the revised
EPA Order 5360.1 CHGL1 and QA manua 5360.1, specifies QA requirements applicable to
models. The scope of the order’ s gpplicability includes “the use of environmental data
collected for other purposes or from other sources (also termed secondary data), including ...
from computerized data bases and information systems, results from computerized or
mathematical modds...” Project leve planning, implementation and assessment are addressed
to assure data, whether collected or existing, “are of sufficient quantity and adequate quality for
their intended use” Implementation requirements include data processing to be performed in
accordance with approved ingtructions, methods and procedures. Also required are evaluation
of new or revised software including that used for “modeling of environmenta processes’ and
documentation of limitations on use of data (e.g., mode output data).

Implementation by the SPC of the ATFERM’ s recommendations for the Agency to
provide guidance on modd sdlection using model acceptance criteria and information from a
“Mode Information System” would help to clarify what model eva uation records are needed
(e.g., code verification, testing results, mode sdection and the application process). The mode
evaluation strategy proposed above could provide a process tailored to the nature of the
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predictive task to be performed and the magnitude of the risk of making awrong decison
congstent with existing QA guidance. It could dso clarify the complementary roles of QA and
peer review tasksin modd evauation and the basis for guidance on QA Project Plansfor
model development and application.

The Agency’s Peer Review Handbook includes under materids for peer reviewers. the
charge, the work product, “associated background materid” and “what is needed to complete
ther task.” Other useful materia can include “a bibliography and/or any particular relevant
scientific articles from the literature.” This leaves unclear what specific records are needed to
adequately answer questions on model elements (EPA 100-B-94-001 Section V1) like: “What
criteriawere used to assess the modd performance?,” “What databases were used to provide
an adequate tet?,” “What were key assumptions and the model’ s sengitivity to them?,” “How
the modd performs relaive to other models?,” “Adequacy of documentation of modd code
and verification testing?” and “How well does the mode report variability and uncertainty in its
output?’

A number of the requirements in the Peer Review Handbook also need to be clarified:

a) What documentation is needed for peer review files of externdly developed
models to show “the modd was independently peer reviewed with the intent of
the Agency’ s Peer review policy for models and that EPA’ s proposed use’
was evaluated?

b) What are the criteria needed to identify “models supporting regulatory decision
meaking or policy/guidance of mgor impacts such as those having applicability
to a broad spectrum of regulated entities and other stakeholders, or that will
“have a narrower gpplicability, but with sgnificant consequences on smdler
geographic or practica scal€’ needing peer review?

) What are the criteria by which decison makers judge when “amodel
gpplication Stuation departs Sgnificantly from the Stuation covered in a
previous peer review” so that it needs another peer review?

d) What are the criteria by which decision makers judge when “amodification of
an exiging adequately peer reviewed mode departs sgnificantly from its
origina gpproach” so that it needs another peer review?

€) What isthe reationship of the peer review of modes in the development stage
often reported in journd articles (where peer review is usudly performed for
specific reasons for that journa and does not substitute for peer review of the
Agency work product or provide accessible peer review records) and peer
review addressng model use to support an Agency action?

f) What questions need to be asked in peer review of modd applications
supporting Ste specific decisons where the underlying mode is “ adapted to the
Ste specific circumgtances?

What is a consensus definition of model use acceptability criteria?

37



After reviewing the divergty of modds and their uses across the Agency, the task
group has proposed amode evauation Strategy rather than a“one szefitsal” set of criteria
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Does acceptability correspond to a particular model, or specific applications of a
model?

Specific modes and applications could be accommodated in specific criteria devel oped
by the programs.

Does acceptability cover only models developed by EPA or can it cover externally
developed models?

Acceptability covers al models used in Agency regulatory decison making (see
Appendix F).

Does acceptability mean the agency will develop a “clearinghouse” of models that
meet EPA’s definition of acceptable?

As discussed above it is recommended that program managers would be responsible
for acceptance of models for use in their program activities. Some means of providing model
evauation status and information to potentia users to be used in model sdlection is needed
Agency-wide. The task group further recommends that a mechanism be developed for
providing information responding to the model acceptance criteriato potentia users to support
model sdlection and avoid redundancy in modd evauation efforts. A number of Agency efforts
might be evauated to determine how best to leverage their resources to achieve Agency-wide
gods. Some mode clearinghouses dready exist but often lack support. One exception isthe
Guiddine on Air quality Models Appendices (hitp://Awww.epa.gov/ttn/scram) that provides
preferred models as well as information on dternative models (e.g., regulatory use, data input,
output format and options, accuracy and eva uation studies) supporting selection. As aresult of
the December 1997 Models 2000 Conference, an action team was formed for aModeling
Clearinghouse responding to a need perceived by the participants. OIRM is proposing to
develop an Application Systems Inventory (ASl) as arepository of information about Agency
software and clearinghouse to meet the Paperwork Reduction Act of 1980 and OMB Circular
A-130 requirements. The ASI would integrate metadata collection requirements across the
Agency and could be modified to meet specific modd metadata requirements providing
information on model evauation and use. Ancther effort, by ORD’s Nationa Center for
Environmental Assessment, is defining metadata for models that can be stored inits reationa
database, the Environmenta Information Management System, with input through the internet
and retrieva through a search engine using specific queries. Information found useful for model
selection such asthose listed in the Nonpoint Source Modd Review example (Appendix F) is
being considered for data elements. In addition, a Srategy for communication needs to be
developed for the public and others, like model users, to provide feedback to the EPA,
possibly through the Internet at Stes providing information on models and their evauation for
EPA use

Would each program/region develop their own system for evaluating acceptability?
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Yes, interms of program specifications (both quditative and quantitative).

Should EPA apply a generic set of criteria across the board to all categories of ERMs
or should acceptability criteria differ depending on the complexity and use (e.g.,
screening vs. detailed assessment) of a model?

Both, generic criteriaon mode evauation developed by direct interaction of the SPC

and CREM with tailoring of specifications (both qualitative and quantitative) done by the
programs.
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7.
COST AND BENEFITS DISCUSSION

The task group requested information on costs of mode evauation activities from its members,
those involved in the case histories, and the Models 2000 Steering and Implementation Team. The
limited interim responses (Appendix G) were distributed for comment. Evaudtion activities vary in the
resources required depending on their complexity, availability of in-house expertise, and whether or not
costs can be leveraged with other organizations. On the low end, the EPAMMM evduation of a
screening model evauation without Site data cost about $60,000 (for an in-house expert’s 0.5 full-time
equivaent). On the high end, the RADM Evauation Study cost about $17 million for fidd studies, $.5
million for NOAA FTEs, and $1 million for contractors to run the modd in testsin their 2.5 year effort.
The Air Modeling regulatory program has used 20 to 25 staff personnel over the past 20 years with
extramura support of $1.5 to 2 million per year. Modd performance eva uation and peer review has
cost about $150 to 200,000 per modd category (2 to 10 models), athough the AERMOD evauation
cost somewhat less than $50,000. In the interagency MM SOILS benchmarking evauation, EPA’s
portion of the cost involved scenario development of about $50,000, execution of 4 models at about
$100,000 and output comparison and reporting at about $150,000. Total coding costs estimated for
the IEUBK mode were about $200,000 and separate test costs were not available from the
contractor. The cost would depend on the language used and when the programming documentation
was done, costs being higher if documentation was done late in the process (could equa haf the tota
coding cost). At the Models 2000 conference, Bob Carsel estimated that for a ground water mode,
software eval uation and documentation cost about 30% of the project cost. The costs for the AIR
Disperson Modd Clearinghouse and SCRAM were about 2 FTEYGS-13 for in-house personnd for
maintaining the clearinghouse and providing regiona support and regiona workshops. The database,
MCHISRS, cost about $50,000 for contract support over few years with little upkeep for SCRAM.

Expenditure by the Agency of the costs summarized above need to be consdered in light of the
benefits of better documentation and communication of the strengths and weaknesses of models. If
carried out the task group’s recommendations would promote systematic management of model
development and use within EPA by providing a basis for consistent model evauation and peer review.
The proposed model evauation strategy would encourage sensitivity and uncertainty anayses of
environmental models and their predictions aswell as clarify peer review requirements. Accessto the
evauation results would improve modd selection and avoid redundancy in model development and
evaduation. Although these benefits would involve costsin mode development for evauation, peer
review and access to evauation results but would result in better products. Likewise, the additiona
cost incurred by evaluation of model application would provide feedback to devel opers that would
improve mode performance.
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APPENDIX B - MODELS EVALUATION CASE HISTORIES

1.

SHADE-HSPF Case Study (Chen et al., 1996, 1998a &b)

Regulatory Niche & Purpose:

A watershed temperature smulation model was needed for targeting critical reach locations for
riparian restoration and forestry best management practices development. Evauation of
attainment of stream temperature gods (water quality criteria) was emphasized.

Model Selection:

Functional selection criteria (e.g., watershed scale and continuous-based representation, stream
temperature Smulation module) were used to survey and evauate existing modds resulting in
the Hydrologic Simulation Program-Fortran (HSPF) model being selected as the only model
meeting the requirements. Further evauation of HSPF identified limitations in two important
heat budget terms.

Data Source/Development:

A stand-alone computer program, SHADE, was developed for generating solar radiation data
sets with dynamic riparian shading characterigtics for use as input for water temperature
amulation by HSPF after it was enhanced for computing the heat conduction between water
and the stream bed for complete heat baance andyss. The case study involved generating
water balance information using hydrologic smulation and then computing the effective solar
radiation for stream heseting to Smulate stream temperature dynamics with HSPF.

Exigting data sources were reviewed and appropriate meteorologica, stream flow, and hourly
stream temperature data for model cdibration and validation were located from afish habitat
restoration project in the Upper Grande Ronde (UGR) in Oregon. Most process-oriented
parameters were evaluated from known watershed attributes. Other parameters were
evauated through modd cdibration with recorded stream flow and temperature data based
upon an understanding of the study site, HSPF gpplication guidelines, and previous HSPF
sudies. Topographic, hydrographic and riparian vegetation data sets for SHADE were
developed with ARC/INFO GIS for 28 fully mapped segments (the mainstem river and four
mgor tributaries) and 9 partidly mapped segments (portions of nine other tributaries).

Sensitivity Analysis:

Sengitivity analysis was noted as an important technique used extengively in designing and
testing hydrologic and water quaity models. To evauate the sengtivities of smulated stream
temperatures to HSPF heat balance parameters (HTRCH) and SHADE parameters, one factor
(mode variable or parameter) was changed at atime while holding the rest of the factors
congtant. Absolute sengitivity coefficients representing the change in Stream temperaiure asa
result of aunit changesin each of the two groups of mode parameters were calculated by the
conventiond factor perturbation method. Tempora (both diurna and seasond) and longitudina
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vaiationsin sengtivity were noted. Riparian shading parametersin SHADE were evauated for
stream temperature cdibration to verify accuracy and rdiability of SHADE computations. The
solar radiation factors or SRF (deemed the most critica parameter by sengtivity andysis) as
well asthe diurnd, seasond, and longitudina variations were evauated to verify the accuracy
and rdliability of SHADE computations. Significant improvement between the maximum vaues
of SRF and the measured stream values suggested a better representation of local shading
conditions by the segment based SHADE compuitations.

Calibration/Validation/Testing:

The model sengtivities to each parameter, aswell asthe diurnd, seasond, and longitudina
variations noted, provided the basis for the stream temperature cdibration. To test and
demondrate the utility and accuracy of SHADE-HSPF modding system, hydrologic and
stream temperature Ssmulations of the watershed were conducted and visualy compared to
plotted measured data for two summers a 27 sites. The stream temperature calibration for
1991 and vdidation for 1992 generaly confirmed the accuracy and robustness of SHADE-
HSPF modding system. The smulated results matched the observed points reasonably well for
the mgjority of stes (19/27). In addition, three satistical tests were run to provide coefficients
of determination and efficiency and the standard error of estimate for evauation of critica
model capability. Evauation focused on stream temperature gods for the UGR basin (eg.,
summer maximum temperature and average 7-day maximum temperature) most of the absolute
errorswere less than 2.5.

Simulated maximum values of stream temperature, on which the riparian restoration forecasts
are based, are accurate to 2.6-3.0° C. Hourly smulations have gpproximately the same
accuracy and precison. The phase d| urna fluctuatl ons, and day-tcyday trends in streem

reasonably by SHADE Compared to the 8-10°C exceedanc& of the temperature gods under
present conditions, the model accuracy of gpproximately 3.0°C should be adequate to assess
riparian restoration scenarios.

This case higory shows positive ements.

. description of regulatory use and focused on criteriafor modd performance

. evauated existing models based upon specific criteriato sdect the modd for further
development and testing

. evauation and selection of existing data for use in development, cdibration, vaidation
and tegting

. sengtivity anaysis and discussion of uncertainties

. good discussion of dataand model limitations

. results peer reviewed by Anternd ORD review and the Journa of Environmental
Engineering process as published



Concerns:

. If used by EPA, the peer review for ajourna (while strengthening the scientific and
technicd credibility of any work product) is not a substitute for Agency work product
peer review as it may not cover issues and concerns the Agency would want peer
reviewed to support an Agency action.
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TRIM.FaTE Case Study

This case study is based upon the summary (EPA, 1998 EPA-452/D-98-001) of the review of
current models, the conceptua approach to the Total Risk Integrated Methodology (TRIM)
framework and the firss TRIM module, TRIM.FaTE, and the evaduations of TRIM.FaTE
prototypes (e.g., mathematical structure and algorithms) presented to the Science Advisory
Board (SAB) for an advisory review.

Regulatory Niche & Purpose:

OAR needed amulti-media, time series Smulation modeling system to estimate multi-media
impacts of both toxic and criteriaar pollutants in support of Clean Air Act requirements (e.g.,
resdual risk program, ddlisting petitions, urban area source program, specid studies, trends,
setting NAAQS, and input to regulatory impact anayses).

Model Selection:

Four multimedia, multipathway models and gpproaches were evauated on the criteria that the
tools have capabilities of 1) multimedia assessment; 2) ecosystem risk and exposure modding;
3) multi-pollutant assessment; 4) addressing uncertainty and varigbility; and 5) accessibility and
usahility for EPA, states, locd agencies and other stakeholders. Hazardous air pollutant (HAP)
exposure and risk model s a so needed to adequately estimate tempora and spatia patterns of
exposures while maintaining mass baance. Current criteriaar pollutant models have this
capability for the inhaation exposure pathway. The importance of capabilities to mode
pollutant uptakes, biokinetics, and dose-response for HAPs and criteria pollutants was aso
consdered. It wasfound that risk and exposure assessment models, or a set of models, with
the capabiilities needed to address the broad range of pollutants and environmentd fate and
trangport processes for OAQPS risk evauations do not exist. Therefore, development of the
modular TRIM framework to have varying time steps and sufficient spatia detall at varying
scaes, true “ mass-conserving” results, transparency to support use in aregulatory context, and
atruly coupled multimedia structure was begun.

Data Source/Development:

An object-oriented architecture using Visua Basic 5 application environment imbedded within
Excd 97 to modd the hierarchy of components of TRIM.FaTE, with a preliminary dgorithm
library utilizing this coding architecture, was implemented for the TRIM.FaTE prototype. The
find TRIM computer framework is being designed. Where possible, existing modds, toals,
and databases will be adopted, necesstating their evaluation.

TRIM is planned to be a dynamic modeling system that tracks the movement of pollutant mass
through a comprehensive system of compartments (e.g., physica and biologicd), providing an
inventory of a pollutant throughout the entire system. The TRIM design is modular and,
depending on the user’ s need for a particular assessment, one or more of Six planned modules
may be employed (e.g., exposure event as well as pollutant movement, uptake, biokinetics,
dose response, and risk characterization). Receptors move through the compartments for
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estimation of exposure. Uptake, biokinetics, and dose response models may be used to
determine dose and health impacts.

Also, the TRIM.FaTE module alows flexibility to provide smulations needed for abroad range
of risk evaluations because it can be formulated at different spatial and tempora scales through
user selections from an dgorithm library or added dgorithms. The unified gpproach to mass
transfer dlows the user to change mass transfer relationships among compartments without
creating anew program. This scenario differs significantly from routine gpplication of sable
sngle medium modd programs. The mathematical linking enables a degree of precison not
achieved by other models, while providing full accounting for al of the chemica mass that
enters or leaves the environmenta system. An outline was provided for the future user’s
manua for SAB’sreview.

Sensitivity Analysis:

Tiered sengtivity and uncertainty analyses will be integrated into the TRIM framework. All
inputsto TRIM will be designed such that parameter inputs can be entered in parameter tables
as default values or value digributions. Cgpability to estimate variability and uncertainty will be
an integrd part of TRIM.FaTE. Currently, only smplified senstivity andyses have been
conducted by considering the range of uncertainty in the parameter value and the linear adticity
of predicted organism concentration with respect to each input parameter. Sengitivity scores
were caculated for al inputs and the sengtivity to change determined for chemical
concentrations in a carnivorous fish, macrophytes, avole, a chickadee, and a hawk with B(a)P
in adeady sate. Parameters with both relatively high sengtivity and alarge range of
uncertainty were identified and efforts focused on decreasing uncertainty that would produce
the largest improvement in decreasing output uncertainty. Limitationsin reliability were noted to
come from relevance and availability of data to address uncertainties (e.g., about soil partition
processes).

Calibration/Validation/Testing:

Four prototypes of increasing complexity were developed and evauated. Algorithm
generdizations, conceptudizations of domains (e.g., soil, groundwater, air, plant, terrestria food
chain transport), and code and data structures were provided for evauation by the SAB pand.
Also, software, routines, the databases consulted, and the data tables sources were
documented and the quality of the data (e.g., distributiond data for terrestria wildlife) was
discussed in comments. The TRIM.FaTE prototypes were gpplied to the smulation of B(a)P
and phenanthrene releases in aredigtic duminum smelter test case and evauated by
comparison of the didribution of mass in multiple environmental media with results from two
widdy used multimediamodels. TRIM.FaTE yielded results smilar to the other modes for
some media but different results for others based upon different dgorithms. Without actud
measured concentrations in a controlled system, it cannot be determined which model
accurately reflectsredity. Limited mode verification has been performed to date and moreis
needed.
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. Thisis an example of peer review done early and, as planned, often.

. The dements in the ATFERM * Guidance for Conducting Externd Peer Review of
Environmental Regulatory Models’ were addressed in the information provided to the
SAB pane even though this was an evauation done when only about hdf of the first
module was completed.

. The user’s choice of agorithms needs to be an informed choice based upon eva uation
of mformatl on prowded in the dgorlthm I|brary (eg reqw rements assumptlons) Also,

specnflcatlonsof links between data and chosen dgorlthma run set up ad
performance), and the results need to be sdf-documenting to provide defengbility of
the modd output.

. Acquistion of dataand testing of the future system needs to be carefully planned and
the results smilarly documented for peer review and users (e.g., limitations on use).

MM SOILS Case Study (Laniak, et dl., 1997)

Regulatory Niche & Purpose:

EPA deveops, implements, and enforces regulations that protect human and ecologica hedlth
from both chemica and non-chemica stressors. EPA (like DOE) has a heed to understand
environmental processes that collectively release, transform and transport contaminants resulting
in exposure and the probability of deleterious hedlth effects and uses smulation moddsto
asess exposures and risks at facilitiesin support of its decision making processes. MMSOILS
isamultimediamodd used by EPA for assessng human exposure and risk resulting from
release of hazardous chemicals and radionuclides. 1t provides screening level andyses of
potentia exposure and risks and ste-specific predictive assessments of exposures and risks.

Model Selection:

EPA and DOE developed atechnica approach, benchmarking, to provide a comprehensive
and quantitative comparison of the technica formulation and performance characterigtics of
three smilar andyticd multimediamodels. EPA’sMMSOILS and DOE' s RESRAD and
MEPAS.

Calibration/Validation/Testing:

Mode design, formulation and function were examined by applying the models to a series of
hypothetica problems. In comparing structure and performance of the three models, the
individual modd components were first isolated (e.g., fate and trangport for each environmenta
medium, surface hydrology, and exposure/risk) and compared for smilar problem scenarios
including objectives, inputs, contaminants, and model endpoints. Also the integrated multimedia
release, fate, trangport, exposure, and risk assessment capabilities were compared.
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For example, the fate and transport evauation used a series of direct release scenariosincluding
agpecific time-series flux of contaminant from the source to the 1) atmosphere, 2) vadose zone,
3) saturated zone, and 4) surface water (river). Modd estimates of contaminant concentrations
at specific receptor locations were compared.

To compare the performance of al components functioning smultaneoudy, a hypothetica
problem involving multimedia release of contaminants from alandfill was smulated. The
manner and degree that individud differencesin modd formulation propagate through the
sequence of steps in estimating exposure and risk were eva uated by comparing endpoints of
concentration-based mode outputs (e.g., contaminant concentrations and fluxes for each
medium, time to peak concentration) as well as medium-specific and cumulative dosa/risk
estimates.

The results discussed differencesin 1) capabilities (eg., RESRAD and MEPAS smulate
formation, decay, and trangport of radionuclide decay products but MM SOIL S does not); 2)
constructs with respect to sSmulating direct releases to the various media (e.g., MMSOILS
dlowsfor varying source release congtructs but does not dlow for specific media to be isolated
per smulation because al moddl modules must be executed in asmulation); 3) direct releases
to the atmosphere, vadose zone, saturated zone, and surface water (e.g., all models use nearly
identica formulations for trangport and dispersion, resulting in close agreement with respect to
arborne concentration predictions a distances greater than one kilometer from the source); 4)
how surface hydrology is handled (e.g., MMSOILS does not distinguish between forms of
precipitation like rainfadl and snow fdl); 5) direct biosphere exposure and risk (e.g., models are
in complete agreement for the vast mgjority of methods to caculate exposure and risk with
differences occurring in test scenarios for irrigation, externd radiation ad derma adsorption in
contact with waterborne contamination) ; and 6) the multimedia scenario (e.g., predictions of
tota methylene chloride mass that volatilizes differ by afactor of 10 between the models).
Results showed that the models differ with respect to 1) environmenta processes included, and
2) the mathematica formulation and assumptions related to the implementation of solutions.

Peer Review of the benchmarking process and results was carried out externdly by the DOE
Science Advisory Board in areview of the DOE Programmatic Environmenta Impact
Statement and the journd, “Risk Andyds.”

This case higtory shows pogtive dements:

Results provide comparable information on modd design, formulation and function that can
support informed selection decisions between these models.

Concerns:
Objectives for the study did not address how well the models predicted exposures and risks
relaive to actua monitored releases, environmental concentrations, mass exposures or health
effects. Also there are no test results of the models in gpplications supporting specific
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Cost:

regulatory and remedia action assessment needs because the study was based upon the
premise that the modes were applicable to the types of problems for which they were typicaly
used. Additiona information would be needed for sdlection decisons for modd gpplication in
EPA.

Scenario Development about . ....... ... ... $50,000
Executionof theModelS . ... ... $100,000
Output comparison and write-up (Journd articles) . .. ....................... $150.,000
TOtAl . $300,000

RADM Case Study (NAPAP Report 5, 1990)

Regulatory Niche & Purpose:

The National Acid Precipitation Assessment Program (NAPAP) needed models to assess
changes in sulfate in response to proposed changes in emissons of sulfur dioxide,

Model Selection:

Regiond models (linear chemigtry, satistica and Lagrangian) were evaduated with new NAPAP
data. An operaiond basdine for RADM performance was compiled based upon previous
operationd evauations.

Data Source/Development:

RADM was devel oped to assess changes in sulfate in response to proposed changesin
emissions of sulfur dioxide including addressing nonlinearity between changesin emissonsand
changes in deposition. Earlier smpler modes were regarded as unreliable because they did not
capture complex photochemistry and nonlinearities inherent in the natural system (e.g., therole
of oxidants and agueous-phase transformations). Nonlinearity (fractional changes in primary
pollutant emissions are not matched by proportiona changes in wet deposition of its secondary
product) was of concern because at the levels of control addressed (10 million metric tons)
reduction of emissions by another 20% to overcome nonproportiondity and achieve atarget
could double control costs.

Sensitivity Analysis:

Sengtivity sudies were done to determine which parameterization worked best for the
RADM'’ s meteorology and transport module, its chemistry module and the integrated model
(e.g., meteorology, chemidry, emissons, and boundary conditions to the relaive uncertainty in
6 key species concentrations).

Calibration/Validation/Testing:
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An Eulerian Modd Evduation Program (EMEP) was carried out to established the
acceptability and usefulness of RADM for the 1990 NAPAP Integrated Assessment. Key to
evauation were performance eva uations including diagnostic assessments and sengitivity
andyses leading to user’ s confidence in the modd. Guidelines and procedures were
incorporated into protocols focused upon the key scientific questions supporting the application
(e.g., adility to replicate spatid patterns of seasond and annua wet deposition). Datawere
collected to provide robust testing of the models noting thet the confidence in the mode would
be related to the variety of Stuationsin the modd’s domain tested with observationa datato
show a*“lack of inaccuracy” in performance. Previous mode testing was limited by availability
of data. Therefore, data were collected for chemical species concentrations and deposition at
the surface to improve “representativeness’ as well asfrom arcraft and specid chemisry stes
to support diagnostic tests for model componentsin a 2-year field study.

Comparisons againg field data were viewed as more important in identifying weaknesses than
verification (the determination of consstency, completeness, and correctness of computer
code) and adequiacy of the modd design. However, in regional modeling the disparity in scae
between dte measurements and the volume-averaged prediction is a source of uncertainty. It
was noted that inadequate spatia resolution in the data could produce observations that did not
represent spatid patterns actudly present. Such difficultiesin interpretation led to linking of
model uncertainty with model evauation. Mode predictions were compared to uncertainty
limits of interpolated (by “kriging”) observations and the observed satidticaly sgnificant
differences were used in evauation (e.g., bias estimates). Kriging produced an estimate of the
uncertainty (expected squared error) of the interpolated points that could be used as confidence
bands for the spatid patterns. Uncertainty in the observation data came from spatia resolution
in the observations, smdl-scae variability in the air concentration fields and wet deposition and
measurement error. The mode smulated the patterns (from spatidly averaged fidds within a
grid cell) which were expected to lie within the uncertainty bounds of the corresponding pattern
obtained from the observations.

Two cycles of mode development, evaluation, refinement and reevauation were carried out.
The evduation process was looked upon as iterative as the mode progressed through its stages
of development: 1) informa testing by the developer, 2) testing by the user with diagnostic
evauation by the developer, and 3) performance evaduation in user gpplication. Thefird year's
data was used in the second phase and it was planned the second’ s data would be used in the
third. Comparative evauation was performed where mode predictions from severa versons
of RADM and ADOM (devel oped for Canada) were evaluated againg field observations for a
33-day period in thefal of 1988 to seeif persstent and systematic biases occurred in
predictions estimating the deposition from sources at receptor aress, to estimate the changein
deposition resulting from a change in emissions, and to capture nonproportiondity in deposition
change. Because RADM smulates very complex processes, any errorsin the modd’s
representation of physica and chemica processes could bias the modd’ s predictions.
Predictions from process modules were compared for the gas-phase chemistry, the cloud
scavenging, and trangport modules when shortcomings in representations of individua
componentsin the sulfur system were noted. Capabiilities of smulating annua and seasond
averages with RADM and severd linear modd s (for wet and dry deposition and on ambient
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concentrations) were evaluated. At this early stage of regional modd evauation, no vigble
quantitative performance standards existed (e.g., how “inaccurate’ it could be). Theinferred
performance of the models regarding source attribution, deposition change, and air
concentration change was examined based upon the evauations and bounding analysis results,

—_andnsk of tha RADM could give " misguidance’ Tor the 1990 NAPAP Integrated Assessment
was assessed. To obtain ardiable estimate of how broadly RADM'’ s predictions could range
asafunction of possible errors, a“bounding” technique was developed. RADM2.1 was
suggested to be used for 1990's NAPAP Integrated Assessment because it did not exhibit any
biases extreme enough to preclude use if the bounding technique was used and a cautious
approach was taken to use of the predictions.

EMEP data were used to address issues of acceptance and standards of performance, but Phase 2 was
not covered in the report. Performance over alarge number and range of tests were Sated as
necessary to acquire the weight-of-evidence needed to interpret the results. A multidisciplinary panel
provided peer involvement.

Cost:

It was estimated that EPA provided about 18.5 Million for the 2.5 year eva uation effort (17M
for fidd studies, .5M for NOAA FTEs, and 1M for contractors to run the mode in tests).

5. EPAMMM Case Study (J. Chen and M. B. Beck, 1998. EPA/600/R-98/106.)

Regulatory Niche & Purpose:

A model was needed to screen alarge number of hazardous waste fecility steswith potential
contamination of groundwater by leachates. The objective was to rank the sites according to
their risk of exposure in the absence of in Situ field observations. Those predicted to be of
highest risk would have priority for remediation.

Model Selection:

The EPA Multi-MediaModd (EPAMMM) was evauated as atool for predicting the transport
and fate of contaminants released from waste a digposdl facility into an environment in severd
media (e.g., ar or subsurface environment). The modd contains 7 modules: the landfill unit, the
unsaturated flow field, trangport of solutesin the unsaturated zone, transport of solutesin the
saturated zone, trangport of solutes in the surface waters, an air emissions module, and an
advective transport and dispersion of the contaminant in the atmosphere (Salhotra et al. 1990
and Sharp-Hansen et d. 1990). The application evauated was the characterization of a
Subtitle D facility usng 3 of the modules: flow in the unsaturated zone, trangport of solutesin the
unsaturated zone, and transport of the solutes in the saturated zone. Analytica and semi-
andyticd techniques were used to solve the basic partid differential equations of fluid flow and
solute transport.
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Testing:

A protocol (Beck et al. 1995 and 1997) developed for evauation of predictive exposure
models was performed in atest case when no historical data were available to be matched to
the amulated responses (traditiond vaidation). Quantitative measures of mode reiability were
provided and summarized in a gatistic that could augment more qualitative peer review.

Three groups of tests were formulated to determine mode reliability. One test assessed the
uncertainties surrounding the parameterization of the model that could affect its ability to
distinguish between two sites under expected Siting conditions. The output uncertainty, asa
function of different dte characterigtics, was investigated to determine if a reasonable range of
mode parameter uncertainty would render the power of the model to discriminate between
performance of containment facilities ineffective. A generic Stuation was Smulated under
different subsurface soil, hydrologica and contaminant-degradation regimes and the power of
the modd to distinguish between the Ste' s containment effectivenesswas tested. The
probability of identical values of the residuad contaminant concentretion (y) at the respective
receptor stes for two steswith different soil and hydrologica parameterizations was evauated
to seeif it was less than some quantitative threshold, such as 0.01. 0.05, or 0.10.

Another test analyzed regionalized sengitivity (Speer et d. 1994) to determine which of the
modd’ s parameters were criticd to the task of predicting the contaminant’ s concentration
exceeding the action level. The modd parameters were evauated to determine which ones
were key to discriminating among the predictions of (y) in various ranges of exposures. This
identified the parameters that needed the best information to determine a particular percentile of
the contaminant distribution concentration at the receptor site (y). The results dso provided
information on the redundancy of parameters in achieving the target performance of predicting a
percentile concentration. The number of key and redundant parameters can indicate model
quality for the screening gpplication.

Thethird test provided amore globd sengitivity analys's investigating the dependence of
selected gatistica properties of the distributions of predicted concentrations on specific
parameters. That proportion of uncertainty attached to the output (y) that derives from the
uncertainty in the knowledge of a given parameter was quantified. For each individua
parameter, the extent of the Statistical properties of the predicted distribution (mean, variance,
and 95" percentile) of (y) was determined varying as a function of the point estimates assumed
for the parameter. The other parameters were treated as random variables within the
framework of aMonte Carlo smulation. The results of the tests show anovel form of gatistic
(the Qudity Index of the mode’ s design) for judging the reliability of acandidate mode for
performing predictive exposure assessments.

This case higtory shows pogitive dements:
. Quantitative indicators of modd performance provided without in Stu fidd data.

Concerns:
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. Detalled knowledge of the mathematica modd’ s function, the details of the conditions
assumed for the tests and the acceptable risks in answering the questions associated
with gpplication niche are required for this type of evauation.

Cost:
About %2 an FTE (estimated about $60,000)




APPENDIX C - MODEL VALIDATION PROTOCOL

FROM: DRAFT July 4, 1994

MODEL VALIDATION FOR PREDICTIVE EXPOSURE ASSESSMENTS

M B Beck *
Lee A. Mulkey **
Thomas O. Barnwell **

* Warndl School of Forest Resources
University of Georgia
Athens, Georgia 30602-2152
and
Depatment of Civil Engineering
Imperid College
London SW7 2BU, UK

**U.S. Environmenta Protection Agency
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Athens, Georgia

The beginning of the White Paper was published as.

Beck, M. B., J. R. Ravetz, L.A. Mulkey, and T.O. Barnwell. 1997. On the Problem of Model
Validation for Predictive Exposure Assessments. Stochastic Hydrology and Hydraulics
11:229-254. Springer-Verlag.

Part 5 CONCLUSIONS

It is not reasonable to equate the vaidity of amodd with its ability to correctly predict the
future "true" behavior of the system. A judgement about the validity of amodd is ajudgement on
whether the modd can perform its designated task rdliably, i.e., @ minimum risk of an undesirable
outcome. It follows that whomsoever requires such ajudgement must be in a position to define -- in
aufficient detall -- both the task and the undesirable outcome.
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However desirable might be the gpplication of "objective’ tests of the correspondence between
the behavior of the modd and the observed behavior of the system, their results establish the rdligbility
of the modd only inasmuch as the "past observations' can be equated with the "current task
specification.” No-one, to the best of our knowledge, has yet developed a quantitative method of
adjusting the resulting test statistics to compensate for the degree to which the " current task
specification” is believed to diverge from the "past observations.”

Thisin no way denies, however, the vaue of these quantitative, objective tests wherever they
are gpplicable, i.e., in what might be called "data-rich" problem stuations. Indeed, there is the prospect
that in due course comparable, quantitative measures of performance vaidity can be developed for the
subgtantidly more difficult (and arguably more critical) "data-poor” stuations, in which predictions of
behavior under quite novel conditions are required by the task specification.

In this concluding section, the purpose of the protocol for mode vaidation set out below isto
provide a consistent basis on which to conduct the debate, where necessary, on the vaidity of the
mode in performing its designated task reliably. It seeks not to define what will conditute avdid
model in any given Studtion, but to establish the framework within which the process of arriving a such
ajudgement can be conducted. It acknowledges that no evidence in such matters is above dispute, not
even the evidence of "objective’ measures of performance vdidity, which themselves must depend on
some subjectively chosen leve of an acceptable (unacceptable) difference between apair of numbers.

5.1 The Protocol

There are three agpects to forming ajudgement on the validity, or otherwise, of amodel for
predictive exposure assessments.

M the nature of the predictive task to be performed;

(i) the properties of the model; and

@)  the magnitude of the risk of making awrong decison.

For example, if the task isidentical to one dready studied with the same mode as proposed for
the present task and the risk of making awrong decision islow, the process of coming to ajudgement
on the vdidity of the modd should be relaively sraightforward and brief. Idedly, it would be facilitated
by reedily available, quantitative evidence of modd performance vaidity. At the other extreme, if the
task is an entirdly novel one, for which anove form of modd has been proposed, and the risk of
making awrong decison is high, it would be much more difficult to come to ajudgement on the vdidity
of themodd. Evidence on which to base thisjudgement would tend to be primarily that of an expert
opinion, and therefore largely of a quditative nature.
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While the depth of the enquiry and length of the process in coming to ajudgement would differ
in these two examples, much the same forms of evidence would need to be gathered and presented. It
is important, however, to establish respongbilities for the gathering of such evidence, for only a part of it
rests with the agency charged with the development of amode. In the following it has been assumed
that a second, independent agency would be responsible for specification of the task and evauation of
the risk of making awrong decison. The focus of the protocol will accordingly be on the forms of
evidence required for evauation of the modd.
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5.1.1 Examination of the Model's Composition

The composition of amode embraces severd attributes on which evidence will

need to be presented. These are asfollows:

0]

(il

i)

Structure. The structure of the modd is expressed by the assembly of
congtituent process mechanisms (or hypotheses) incorporated in the modd. A
condtituent mechanism might be defined as "digperson,” for example, or as
"predation of one species of organism by another." The need isto know the
extent to which each such congtituent mechanism has been used before in any
previous (other) mode or previous verson of the given model. There might
aso be a need to know the relative distribution of physical, chemica and
biological mechanisms so incorporated; many scientists would attach the
greatest probability of universa gpplicability to aphysica mechanism, and the
smdlest such probability to abiologicad mechanism.

Mathematical expression of constituent hypotheses. Thisisamore
refined agpect of modd structure. The mechanism of "bacterid degradation of
apollutant” can be represented mathematically in avariety of ways asafirg-
order chemica kinetic expresson, in which the rate of degradation is
proportiond to the concentration of the pollutant; or as, for instance, afunction
of the metabolism of bacteria growing according to aMonod kinetic
expresson.

Number of state variables. In most models of predictive exposure
assessments the state variables will be defined as the concentrations of
contaminants or biomass of organisms at various locations across the system of
interest. The greater the number of date variables included in the model the
less will be the degree of aggregation and approximation in Smulating both the
gpatid and microbid (ecologicdl) variability in the sysem's behavior. Inthe
preceding example of "bacterid degradation of apollutant,” only asingle Sate
variable would be needed to characterize the gpproximation of first-order
chemicd kinetics, two -- one each for the concentrations of both the pollutant
and the (assumed) single biomass of bacteria -- would be required for the
congtituent hypothesis of Monod kinetics. Similarly, alake characterized asa
single, homogeneous volume of water will require just one Sate variable for the
description of pollutant concentration within such asysem. Were the lake to
be characterized as two sub-volumes (a hypolimnion and an epilimnion),
however, two state variables would be needed to represent the resulting spatia
variability of pollutant concentration.

Number of parameters. The modd's parameters are the coefficients that
gopear in the mathematicd expressons representing the congtituent mechanisms
as afunction of the vaues of the state variables (and/or input variables). They
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are quantities such as a dispersion coefficient, afirst-order decay-rate constant,
or a maximum specific growth-rate congtant. 1n an ided world al the modd's
parameters could be assumed to be invariant with space and time. Yet they are
in truth aggregete approximations of quantities that will vary at some finer scae
of resolution than catered for by the given moddl. For instance, the firgt-order
decay-rate constant of pollutant degradation subsumes the behavior of a
population of bacteria; a Monod haf-saturation concentration may subsume the
more refined mechanism of subdrate inhibition of metabolism, and soon. In
problems of groundwater contamination the volumes (areas) over which the
parameters of the soil properties are assumed to be uniform are intertwined
with this same problem of aggregation versus refinement. There isimmense
difficulty, however (as dready noted in discussion of the concept of
articulation), in establishing whether amodel has the correct degree of
complexity for itsintended task.

Values of parameters. Again, in anided world the vaues to be assigned to
the modd's parameters would be invariant and universaly applicable to
whatever the specific sector of the environment for which a predictive exposure
assessment isrequired. In practice there will merely be successvely less good
goproximationsto thisided, roughly in the following descending order:

@ The parameter is associated with an (essentidly) immutable law of
physics and can accordingly be assigned asingle, equaly immutable,
vaue

(b) The parameter has been determined from alaboratory experiment
designed to assess a Single congtituent mechanism, such as pollutant
biodegradation, under the assumption that no other mechanisms are
acting upon the destruction, transformation, or redistribution of the
pollutant within the experiment;

(© The parameter has been determined by calibration of the modd with a
st of observations of the field system;

(d) A vaue has been assgned to the parameter on the basis of values
quoted in the literature from the application of models incorporating the
same mathematical expression of the same congtituent process
mechanism.

It is mideading to suppose that the result of (b) will be independent of
an assumed modd of the behavior observed in the [aboratory experiment. The
coefficient itself isnot observed. Instead, for example, the concentration of
pollutant remaining undegraded in the laboratory besker or chemodtat is

59



(vi)

(vii)

observed. Once amathematica description of the mechanism assumed to be
operative in the experiment is postulated, then the vaue of the parameter can be
inferred from matching the performance of this mode with the observations
(which in effect is the same procedure as that of (C).

Parameter uncertainty. Evidence should be presented on the range of values
assigned to a particular parameter in past sudies and/or on the magnitude and
(where available) gatistical properties of the estimation errors associated with
these values. In many cases it might be sufficient to assume that such ranges of
vaues and digtributions of errors are statisticaly independent of each other, but
this can be mideading. Supplementary evidence of the absence/presence of
correlation among the parameter estimates and errors could be both desirable
and materid to the judgement on modd validity. For example, unless
determined drictly independently -- and it is not easy to see how that might be
achieved -- the values quoted for a bacteria growth-rate constant and desth-
rate congtant are likely to be correlated. A pair of low vaues for both
parameters can give the same net rate of growth asapair of high vaues, and
knowledge of such correlaion can influence both the computation of, and
assessment of, the uncertainty ataching to a prediction of future behavior.

Analysis of parameter sensitivity. The extent to which the predictions of
the modd will change as aresult of dternative assumptions about the vaues of
the condtituent parameters can be established from an andys's of parameter
sengtivity. On its own such information provides only awesk index of modd
vdidity. It may be used, neverthdess, to supplement ajudgement on the
model's compositiond vdidity based on the foregoing categories of evidence.
In the absence of any knowledge of parameter uncertainty an andyss of
sengtivity may yied ingght into the vaidity of the modd's composition through
the identification, in extreme cases, of those "infeasble" vaues of the
parameters that lead to unstable or absurd predictions. It could be used thusto
edtablish in crude terms the domain of gpplicability of the modd, i.e., ranges of
vaues for the mode's parameters for which "sensble’ behavior of the mode is
guaranteed. In the presence of information on parameter uncertainty an analyss
of sengtivity may enable rather more refined conclusions about the vadidity of
themodd. In particular, ahighly sengtive, but highly uncertain, parameter is
suggedtive of an ill-composed modd.

It is clearly impossible to divorce an assessment of the evidence on the modd's

compodtiond vaidity -- itsintringc properties and attributes -- from the current task
specification. In particular, the lessimmutable the hypothesis (law) incorporating a
given parameter is believed to be, the more rdevant will become a judgement about the
degree to which the current task specification deviates from those under which the
vaues previoudy quoted for this parameter were derived. Such judgement will be
especidly difficult to make in the case of quantifying the correspondence (or
divergence) between the laboratory conditions used to determine arate constant and
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5.1.2

the fidld conditions for which a predictive exposure assessment isrequired. The
judgement, neverthdess, is directed at the internal composition of the model, abeit
conditioned upon the degree of smilarity between the current and previous task
definitions.

Examination of the Model's Performance

Evidence must aso be assembled from the results of tests of amodd's

performance againg an externd reference definition of the prototype (fidd) system's
behavior. Thiswill have various levels of refinement, approximatdly in the following
ascending order.

0]

(il

Unpaired tests. In these the coincidence between vaues for the modd's sate
variables and values observed for corresponding variables of the prototype
system a identicd pointsin time and space is of no consequence. It is sufficient
merely for certain aggregate measures of the collection of modd predictions
and the collection of field data to be judged to be coincident. For example, it
might be required that the mean of the computed concentrations of a
contaminant in a representative (model) pond over an annud cycle is the same
as the mean of a set of observed values sampled on acasud, irregular basis
from saverd pondsin ageologicaly homogeneous region. Within such
unpaired tests, there are further, subsidiary levels of refinement. A match of
mean vaues done s less reassuring than amatch of both the means and
variances, which isitsdf alessincisve test than establishing the smilarity
between the two entire distributions.

Paired tests. For theseit isof centrd concern that the predictions from the
model match the observed vaues a the same pointsin time and space. Again,
as with the unpaired tests, subsdiary levels of refinement are possible, in
providing an increasingly comprehensive collection of satistical properties for
the errors of mismatch so determined.

Sequence of errors. A paired-sample test, as defined above, makes no
reference to the pattern of the errors of mismatch as they occur in sequence
from one point in time (or space) to the next. When sufficient observations are
available atest of the tempord (or spatid) corrdationsin the error sequences
may yield strong evidence with which to establish the performance vdidity of
themodd. Inthiscasea"sufficiency” of dataimplies observations of the
contaminant concentration at frequent, regular intervas over raively long,
unbroken periods.
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In much the same way asit is not possible to divorce an assessment of the
compositiond vdidity of amode from its current and past task specifications, soitis
not possible to divorce an assessment of performance vaidity from the compostion of
the modd. Thus afurther two categories of evidence are relevant.

(iv)  Calibration. Thetask of mode cdibration necessarily involves adjustment and
adaptation of the modd's compostion. The extent to which the vaues of the
modd's parameters have thereby been dtered in order for the modd to fit the
cdibration data set may render inadmissible the use of any associated error
datistics for the purposes of judging modd vdidity. It istherefore especidly
relevant for evidence of thisform to be declared.

v) Prediction uncertainty. All modds may be subjected to an andyss of the
uncertainty attaching to their predictions. Such an analysis will depend on the
compodtion of the modd -- through the quantification of parameter uncertainty;
and it will depend upon the task specification, through a statement of the
scenarios for the input disturbances and initid state of the system, i.e, the
boundary and initid conditions for the solution of the modd equations. The fact
that the ambient concentration of the contaminant cannot be predicted with
sufficient confidence does not necessarily signify an invaid modd, however.
For there are three sources of uncertainty in the predictions, two of which (the
initid and boundary conditions) are independent of the modd. Good practice
in the andysis of prediction uncertainty (if ajudgement on modd validity isthe
objective) should therefore include some form of ranking of the contributions
each source of uncertainty makes to the overall uncertainty of the prediction.
Where Monte Carlo smulation is used to compute the distributions of the
uncertain predictions, some -- perhaps many -- runs of the model may fail to be
completed because of combinations of the modd's parameter vaues leading to
ungtable or absurd output responses. Aswith an analysis of sengtivity, this
provides useful information about the robustness of the modd and restrictions
on itsdomain of gpplicability. Thelessthe modd isfound to be restricted, so
the greater isthe bdief initsvdidity. In some cases, it may be feasble and
desirable to state the output responses expected of the model in order for the
task pecification to be met, thus enabling a more refined assessment of the
domain of gpplicability of the modd (asin discusson of the concept of
relevance). The use of combinations of parameter vaues leading to
unacceptable deviations from the behavior of the task specification can be
placed under regtrictions.

5.1.3 Task specification

Judgements on both the compositional and performance vaidity of the model
are inextricably linked with an assessment of the extent to which the current task
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gpecification diverges from the task specifications of previous gpplications of the model.
Categories of evidence relating to the fundamental properties of the task specification
must therefore be defined, in amanner smilar to those assembled in order to conduct
an assessment of the modd!.

For example, amodel used previoudy for prediction of achronic exposure a a
gngle ste with homogeneous environmentd properties may wdl not be vdid -- in terms
of performing itstask reliably -- for the prediction of an acute exposure at severad Sites
with highly heterogeneous properties. It is not that the modd isinherently incapable of
making such predictions, but that there is an eement of extrapolation into nove
conditionsimplied by the different task specification. It isnot the purpose of this
document, however, to provide anything other than a very preiminary indication of the
categories of evidence required to assess the degree of difference between current and
past task specifications, as follows.

0] The contaminants. The clasg(es) of chemicals into which the contaminant
would most probably fal, such as chlorinated hydrocarbon, or aromatic
compound, for example, must be specified. The number of such chemicasto
be rdleased, and thair interactions (Synergism, antagonism, and so on) visavis
the state variables of interest in the environment, must aso be specified.

(i) The environment. Severd dattributes can be employed to characterize the
gmilarities and differences among the environments into which the contaminant
isto berdeased. Theseinclude, inter dia, the geologicd, hydrologica, and
ecological properties of the Stes of interest, together with statements of the
homogeneity, or heterogeneity, of the Site according to these attributes.

(i) Target organism, or organ.

(iv)  Nature of exposure. The obvious digtinction to be madein thiscaseis
between acute and chronic exposures of the target organism to the contaminant.
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APPENDIX D - REQUIREMENTS FOR A “STATE OF THE
ART” EVALUATION PROCESS

Changes in the Concept of Model Validation

Over the past 10 years previous model validation gpproaches have been recognized as
unsatisfactory. Itisno longer accepted that models can be vdidated as defined by ASTM standard E
978-84 (e.g., comparison of mode results with numerical data independently derived from experience
or observation of the environment) and then considered to be “true’. The discussions supporting the
idea that models could not be validated (Konikow and Bredehoeft 1992, Oreskes et d. 1994), focused
on hydrologica models. Typicaly these modds arefird cdibrated, i.e., parameter values are estimated
using one data s&t, and then the effectiveness of that parameterization is examined using a second,
independent data set. However, one, or even more, successful tests using particular data sets does not
mean that amodd isvalid in the sense of being 7rue and able to make reliable predictions for unknown
future conditions. Theredization of this problem hasled ASTM to updeate its definition of model
vaidation to: “a test of the mode with known input and output information thet is used to assess that
the calibration parameters are accurate without further change” (ASTM E 978 - 92).

Practica approaches to vaidation have varied between environmenta and ecologica modders.
In ecology both the objectives of modeling and the data available for cdibration and testing have
frequently differed from those used in environmental modeling, such as hydrology. The objective of
ecosystern modedling, as a particular example, has been to synthesize information about an ecosystem
from arange of sources and no integrated calibration for the whole modd may be possible. In thisway
an ecosystem modd represents a complex ecologica theory and there may be no independent data set
to provide atest of the complete modd. Consequently, the inability to validate models, in the sense of
them being considered as absolutely true, has been at least tacitly accepted in ecosystem moddling for
sometime. Recent developments in environmenta models, such as TRIM.FaTE and other multi-media
type models, are amilar in their methods of congtruction to ecosystem models. An approach for such
moddsis to replace validation, as though it were an endpoint that amode could achieve, with
model evaluation as a process that examines each of the different eements of theory, mathematica
congtruction, software congtruction, caibration and testing with data.



APPENDIX E - TYPES OF MODELS USED BY EPA

Physical Models:
Atmospheric Emissons Modds (eg., GIOED)
Water Treatment/Digtribution Models (e.g., EPANET)
Emissions Control Models (e.g., IAPCYS)
Stream Flow Mode (e.g., PC-DFLOW)
Atmospheric Models (e.g., Models-3, ISC)
Chemica Egtimation Modds (eg., AMEM)
Subsurface (e.g., SESOIL/AT123D)
Surface Water (e.g., SED3D, )

Biological Models:
Atmospheric Moddls (eg., BEIS-2)
Chemicd Estimation Models (e.g., BIOWIN)
Ecological Exposure Models (e.g., ReachScan, FGETYS)
Human Hedth Modds (eg., TherdbASE, DEEM)
Subsurface (e.g., PRZM2)

Multimedia Models:
(MULTIMED, MULTIMDP, GEMS, PCGEMS, MMSOIL, SEAS, TRIM, HWIR, MIMYS)
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APPENDIX F - NONPOINT SOURCE MODEL REVIEW
EXAMPLE

Thisis an example report showing the type of mode information used in the 1991 review (Donigian and
Huber, 1991).

1. Name of the Method

Hydrological Simulation Program—~Fortran (HSPF)

Stream Transport and Agricultural Runoff of Pesticides for Exposure Assessment
(STREAM)

2. Type of Method

__ Surface Water Modd: Simple Approach
xxx  Surface Water Modd!: Refined Approach
__AirModd: Simple Approach
__AirModd: Refined Approach

Soil (Groundwater) Modd:  Simple Approach
xxX  Soil (Groundwater) Mode!: Refined Approach
Multi-media Modd: Simple Approach
Multi-mediaModd: Refined Approach

3. Purpose/Scope

Purpose: Predict concentrations of contaminantsin

XXX

XXX

XXX

Runoff Waters
Surface Waters

Ground Waters

Source/Release Types.

XXX

XXX

Continuous XXX

Sngle XXX

Leve of Application:

[ntermittent

Multiple
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Diffuse



XXX Screening XXX Intermediate xxx  Detaled
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Type of Chemicds.

xxx  Conventiond xxx  Organic __ Mdds

Unique Features:

xxX  Addresses Degradation Products

xxx  Integra Database/Database Manager
Integra Uncertainty Analysis Capabilities

xxX  Interactive Input/Execution Manager

4. Level of Effort

Sysem setup: xx  mandays XX manweeks __ manmonths manyear

Assessmentss  _ mandays XX manweeks XX manmonths

__ manyear

(Estimates reflect order-of-magnitude vaues and depend heavily on the experience and ability of the
assessor.)

5. Description of the Method/Techniques

Hydrological Simulation Program—FORTRAN (HSPF) is a comprehensive package for
smulation of watershed hydrology and water qudity for both conventiona and toxic organic
pollutants. HSPF incorporates the watershed scale ARM and NPS modé sinto a basic-scade
andysis framework that includes fate and transport in one-dimensiona stream channds. Itis
the only comprehensive modd of watershed hydrology and water qudity that dlows the
integrated smulation of land and soil contaminant runoff processes with instream hydraulic and
sediment-chemica interactions.

The reault of thissmulaion isatime higory of the runoff flow rate, sediment load, and nutrient
and pesticide concentrations, long with atime history of water quantity and quality at any point
in awatershed. HSPF smulates three sediment types (sand, silt, and clay) in additionto a
single organic chemical and transformation products of that chemica. The transfer and reaction
processes included are hydrolyss, oxidation, photolyss, biodegradation, a volatilization, and
sorption. Sorption is modeled as afirgt-order kinetic process in which the user must specify a
desorption rate and an equilibrium partition coefficient for each of the three solid types.
Resuspension and sttling of silts and clays (cohesive solids) are defined in terms of shear stress
at the sediment-water interface. For sands, the capacity of the system to transport sand a a
particular flow is caculated and resuspension or settling is defined by the difference between
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the sand in suspension and the capacity. Cdibration of the mode requires data for each of the
three solids types. Benthic exchange is modeled as sorption/desorption and desorption/scour
with surficid benthic sediments. Underlying sediment and pore water are not modeled.

Data Needs/Availability

Data needs for HSPF are extensve. HSPF is a continuous smulation program and require
S
continu
ous
datato
drive
the
smuldi
ons.
Asa
minmu
m,
continu
ous
ranfdl
records
are
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the
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solar
intengt
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Output of the Assessment

HSPF produces atime history of the runoff flow rate, sediment load, and nutrient and pesticide
concentrations, along with atime history of water quantity and qudity a any pointin a
watershed. Simulation results can be processed through a frequency and duration analysis
routine that produces output compatible with conventional toxicological measures (e.g., 96-
hour LC50).

Limitations

HSPF assumes that the “ Stanford Watershed Modd” hydrologic modd is appropriate for the
areabeing modeled. Further, the instream model assumes the receiving water body modd is
well-mixed with width and depth and is thus limited to well-mixed rivers and reservoirs.
Application of this methodology generdly requires a team effort because of its comprehensve
neture.

Hardware/Software Requirements

The program iswritten in stlandard FORTRAN 77 and has been ingtdled on systems as small
as IBM PC/AT-compatibles. A hard disk is required for operation of the program and a math
co-processor is highly recommended. No specid peripherds other than a printer are required.
The program is maintained for both the IBM PC-compatible and the DEC/VAX with VMS
operating system. Executable code prepared with the Ryan-McFarland FORTRAN compiler
and PLINK86 linkage editor is available for the MSDOS environment. Source code only is
avalable for the VAX environment.

The program can be obtained in ether floppy disk format for MS/DOS operation systems or
on a9-TRK magnetic tape with ingdlation ingructions for the DEC VAX VMS environment.
This program has been ingtaled on awide range of computers world-wide with no or minor
modifications.
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10.

11.

12.

Experience

HSPF and the earlier models from which it was developed have been extensively applied ina
wide variety of hydrologic and water qudity studies (Barnwell and Johanson, 1981; Barnwell
and Kittle, 1984) including pesticide runoff testing (Lorber and Mulkey, 1981), aquatic fate and
transport modd testing (Mulkey et d., 1986; Schnoor et ., 1987) andyses of agricultura best
management practices (Donigian et d., 1983a; 1983b; Imhoff et d., 1983) and as part of pesti-
cide exposure assessments in surface waters (Mulkey and Donigian, 1984).

An agpplication of HSPF to five agriculturd watersheds in a screening methodology for pesticide
review isgiven in Donigian (1986). The Stream Trangport and Agricultura Runoff for
Exposure Assessment (STREAM) Methodology applies the HSPF program to various test
watersheds for five mgor cropsin four agricultura regionsin the U.S,, defines a*representetive
watershed” based on regiond conditions and an extrapolation of the calibration for the test
watershed, and performs a sengitivity analysis on key pedticide parameters to generate
cumulative frequency distributions of pesticide loads and concentrationsin each region. The
resulting methodol ogy requires the user to evauate only the crops and regions of interest, the
pesticide gpplication rate, and three pedticide parameters—the partition coefficient, the soil/
sediment decay rate, and the solution decay rate.

Validation/Review

The program has been vaidated with both field data and model experiments and has been
reviewed by independent experts. Numerous citations for modd applications are included in
the References below. Recently, modd refinements for instream agorithms related to pH and
sediment-nutrient interactions have been sponsored by the USGS and the EPA Chesapeake

Bay Program, respectively.

Contact

The mode is available from the Center for Exposure Assessment Modding at no charge.
Mainframe versgons of the programs compatible with the DEC VAX systems are available on
standard one-half inch, 9-track magnetic tape. When ordering tapes, please specify the type of
computer system that the model will be ingtaled on (VAX, PRIME, HP, Cyber, IBM, €tc.),
whether the tape should be non-labded (if non-labeled specify the storage format, EBCDIC or
ASCII), or if the tape should be formatted asa VAX files-11, labeled (ASCII) tape for DEC
sysems. Modd distributions tapes contain documentation covering ingalation ingtructions on
DEC systems, FORTRAN source code files, and test input data sets and output files that may
be used to test and confirm the ingtdlation of the model on your system. Users are responsible
for ingaling programs.

Requests for PC versions of the mode s should be accompanied by 8 formatted double-sided,
double-density (DS/DD), error-free diskettes. Please do not send high-density (DD/HD)
diskettes. Model didtribution diskettes contain documentation covering ingtalation ingructions
on PC systems, DOS batch files for compiling, linking, and executing the modd, executable
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13.

task image(s) ready for execution of the model(s), all associated runtime files, and test input
data sats and corresponding output files that may be used to test and confirm the ingtallation of
the modd on your PC or compatible system.

To obtain copies of the models, please send 9-track specifications or the appropriate number
of formatted diskettes to the attention of David Disney at the following address:

Center for Exposure Assessment Modeling
U.S. Environmenta Protection Agency
Environmental Research Laboratory
Athens, Georgia 30613

(404) 546-3123

USA

Program and/or user documentation, or instructions on how to order documentation, will
accompany each response.
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APPENDIX G - COST ESTIMATES

The following are the cost estimates received in response to our inquiries:

MMSOILS Benchmarking Evaluation (EPA’ s portion, DOE unknown)
Cost:  Scenario Development about $50,000; Execution of 4 modelsabout ~ $100,000;
Output comparison and write-up (Journa articles) $150,000; Total = $300,000.

RADM Evaluation Study

Cost: It was estimated that EPA provided about 18.5 Million for the 2.5 year evauation effort (17 M
for fidd studies, .5M for NOAA FTEs, and 1M for contractors to run the moded in tests).

[files for contract support have been disposed of]

AIR Dispersion Model Clearinghouse and SCRAM:
2 FTES/GS-13 - clearinghouse, regiona support, and support of regiona workshops

MCHISRS $50,000 contractor over few years with little upkeep for SCRAM

Air Moddling Regulatory program - 20 to 25 staff for 20 years with extramura support $1.5 to
2 M per year

Mode performance evaluation and peer review about $150 to 200 K per model category (2-
10 models)

AERMOD over 6 years exceeded $500K the evauation portion is less than 10% of the totdl.

EPAMMM Evaluation (Screening model evaluation without site data)
Y FTE (about $60,000)

Software Evaluation and Documentation Costs:

Checked with Margarette Shovlin who said costs are not broken out to the level of model code
testing and verification or documentation on aleve of effort contract. Larry Zaragoza
attempted to get estimates for the IEUBK modd and found the same thing getting the
information would be tedious- a specia request to the ESDS s SAIC management would have
to be made by OARM.

Larry estimated the IEUBK coding cost about $200K but its hard to separate out test costs
and it depends on the language used and how close to the actua programming documentation is
done. He estimated that if documentation was done late in the process the cost could equa half
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the total project cost. At the Models 2000 conference Bob Carsel estimated that for aground
water model, software eva uation and documentation cost about 30 % of the project cost.
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